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ON THE MATRIX ELEMENTS OF THE H AMI LTON I A N 
BETWEEN SLATER DETERMINANTS 
By F. BERENCZ 
institute of Theoretical Physics, József Attila University, Szeged 
(Received May 2, 1965) 
The rule of the matrix elements formation of the Hamiltonian between Slater determinants 
was generalized for «-electron molecules. 
Introduction 
It is well known, that in the configuration-interaction method the zero-order 
eigenfunction of a molecule with n electrons has to be constructed as the linear 
combination of the Slater determinants: 
1 
]/«! 
(flOf)! . . . (w/0. 
(ao()„ ... (nfi)„ 
(1) 
where a, b, c, ..., n mean orbital eigenfunctions, a and fi one-particle spin functions 
and {aa)1 = a ( l ) a ( l ) , etc. The energy, to the first order, of the system given by the 
linear combination of all the possible different configurations can be obtained f rom 
the roots of the usual secular equation: 
\ H i j - E S i j \ — 0, (2) 
where 
//,, = j '¡>pi(pj ch and Su = Jrpfcpjdr. (3) 
In the work of E Y R I N G , W A L T E R and K I M B A L L [1] one can read about rules 
for the matrix elements formation of the Hamiltonian between Slater determinants 
in the case of four-electron molecules. In this work the results obtained by the 
above mentioned authors will generalized for «-electron molecules. The orbital 
eigenfunctions of the Slater determinants in terms of the configuration-interaction 
method agree with each other, the difference between, two Slater determinants 
occurs only in the arrangement of the spin on the orbital functions. Therefore one 
must consider Slater determinants only containing the same orbital eigenfunctions. 
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Reduction of the matrix element 
Let us assume that the one-electron functions a, b, . . . , « are mutually ortho-
gonal and let us further consider two arbitrary Slater determinants: 
V l = ^ L z ( - o v p ) w , - ( /«) ; . . . (np)„, (4) 
yn\ v 
92 = f P h a « ) i - ... («*)„, (5) 
V n! v 
where P,i and Pvi mean permutation operators. The integral f cp*Hq>2dx is therefore 
2 = -Jr i [ 2 ( - 1)" P.1 («*)! • • • (fa), • • • («£)„]* X 
" J * (6) 
X / / [ 2 ( - 1)V A2 M i • • • 0P)i • • • (««)„] dx. 
v' 
The value of the integral remained unchanged by a new notation of its variables. 
The new notation of the variables can be accomplished by the inverse operator 
( —l)v(Py ) - 1 . Let the inverse operator work on all the three factors of the integrand. 
Due to the symmetry of the Hamiltonian this new notation of the variables does 
not cause any change. Taking into consideration, that in the first summation the 
identical permutation operator takes place: 
( - l ) v ( P v ) _ , ( - l ) ' P v = E, (7) 
one obtains for the first summation 
Z(~ l)v(Pv)_1 ( - l)vPv(aa)! ... ... («/?)„ = 
= n!(fla,) ... (/a),- ... («/?)„, 
since there are «! identical terms. If the permutation operator ( — l)lPv2< in the 
second summation was running over all the variables in all possible way, the appli-
cation of the permutation operator 
( - 1 ) V ( P V ) - ( - l ) v P v " = ( - l ) v P v has the 
same result — maybe — except of order. The matrix element is thus reduced to 
H12=f {(aa), ... (/«),- ... («/?)„]* X 
J (9) 
X H [ 2 ( - D v " P v M t - m - K ] dx. 
The matrix elements Hu 
We will first focus our attention on the integrals of the type f cptH(ptdx. Then 
Eq. (9) has the following form: 
Hu = /[(aa). ...(/*),....(„/?)„]* X J
 (10) 
l)v' Pv(fla)i • • • (fa); • • • («/?)„] dx. 
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It is well known that 
H = K+L, ( I I ) 
where 
K = Z K r and L = 2 U k (12) 
Ki = - W i + 2 — and Lik = —,.- (13) 
Owing to Eq. (11), (10) must be studied separately for K and L. 
Let us first consider the integral j(p*Kcpldx. Its i-th term has the form as fol-
lows: 
./[>«). .:. (ia)i ... (nfixy X I ) v ' /V( i7o0 , . . . (/«),- . . . ( « / i ) J tlx. (14) 
V " 
The identical permutation leaves all the indices unchanged and results the following 
contribution to the matrix element Hu : 
f(aa)Uax) ,dx, ... f(/*)?*,(/*),dxX • • - /(nf})*(nP)n dx„ = 
= J {ia)f Ki{iy)idx. 
All the other permutations change indices and so all the other terms in Eq. (14) 
will vanish containing mutually orthogonal one-electron functions. 
The situation is the same in all other terms of the integral f<p*Kipydx. 
Let us next consider the integral / ( p \ L ( p [ d x . Its term containing the indices 
/ and k has the form as follows: 
/'[(««), ... (;«), (ka)k ... (/7/0„]*X 
(16) 
x £ , t [ Z ( - i ) v 7 V ( « « ) . ••• ('«)/ - (!<*)* ••• v" 
In Eq. (16) two permutations result effective contribution to the matrix element / / , ' , : 
1. the identical permutation, with a contribution of 
¡ { ¡ ^ K k ^ t L ^ i a U k a X d x . d x , - (17) 
. 2. the permutation of /, k, with a contribution of 
- / ( « J f M i . W W A , ^ ' . (18) 
All the other permutation change indices and so all the other terms in Eq. (16) 
vanish containing mutually orthogonal one-electron functions. 
The situation is the same in all the other terms of the integral cpXLfp^x. 
The integration in every term means an integration over the orbital variables 
and a summation regarding the spin variables. Because of the orthogonality of 
the spin function all terms in Eqs. (15), (17) and (18) vanish except those for which 
the spins match identically. 
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In fact, due to Eqs. (15), (17) and (18) the matrix element H n is the coulombic 
integral Q minus the sum of all axchange integrals between orbitals having the 
same spin. 
The matrix element H ¡j 
In that case, when the Slater determinant <pl differs from r/;2 only in the spin 
of one orbital function, Eq. (9) has the following form: 
»M = / [ M i ••• ('«). - - 0/0; ••• («/?)„] ch. (19) 
According to Eq. (15) the result of the identical permutation is now 
. J i i o t f K m t d T (20) 
and vanishes because of the orthogonality of the spin functions. In all other terms 
of the integral f(p*Kcp2dx there are terms containing mutually orthogonal one-
electron eigenfunction s and as a matter of fact vanish, too. 
By the permutation of the indices / and k Eqs. (17) and (18) has the fo rm: 
/ (/a)?(k*fk Lik{iMk*\ dx, dxk, (21) 
-¡\iz)t(k*)*Lik{il!)k{ka)idxidxk. (22) 
They will, however, also vanish because of the orthogonality of the spin-functions. 
All the other terms of the integral jq>\L(p1dx vanish due to the factors containing 
mutually orthogonal one-electron eigenfunctions. 
Finally, let us consider the case, when the Slater determinant < d i f f e r s from 
<p2 in the spin of two orbital functions. Now, Eq. (9) has the following form: • 
/ W ) , ... (ia)i ... (kp\ . . . („«)„]* X 
(23) 
x / / [ 2 ( - i r ^ M , - m - ( j ^ k •• ( »« )„ ]dx . 
V " 
The integral f<p*K(p2dx vanishes again, since the circumstances are the same 
as in the previous case. 
But, now the integral f(p*L(p2dx does not vanish, namely, owing to Eq. (21) 
it has the following form: 
- / (ia)f (kfi)t Lik (i[i )k (ka)t dx, dxk, (24) 
giving a contribution to H 1 2 , which is the negative of the exchange integral bet-
ween two orbitals having the same spin. 
If the Slater determinant q>y differs f rom <p2 in the spin of more then two orbi-
tals, the integral f(p*H<p2dx vanishes on account of the results of the previous cases. 
In fact, the rule can be formulated as follows: The matrix elements H^ bet-
ween two different Slater determinants are zero unless the Slater determinants differ 
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only in the spin of two orbiials and are the negative of the corresponding exchange 
integrals. 
If the one-electron functions a,b,...,n are not orthogonal, many terms in 
the formulas for the matrix elements of the Hamiltonian do not vanish, and the 
number of such terms increases almost astronomically as the number of electrons 
increases. Therefore, it seems to be advantageous to try to set up such orthonormal 
orbitals, which can be used for molecular calculation. This method was developed 
b y L O W D I N [2] , SLATER [3] a n d W A N N I E R [4]. 
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К ПРАВИЛАМ ОБРАЗОВАНИЯ МАТРИЧНЫХ ЭЛЕМЕНТОВ 
ГАМИЛЬТОНОВА ОПЕРАТОРА М Е Ж Д У О П Р Е Д Е Л И Т Е Л Я М И СЛЕ'ГЕРА 
Ф. Беренц 
Обобщается правило образования гадшльтонона оператора между определителями 
Слетеря для случая люлекул с п электронами. 

FURTHER INVESTIGATIONS ON THE UPPER LIMIT 
OF FLUORESCENCE YIELD 
By A. BUDÓ and 1. KETSKEMÉTY 
Institute of Experimental Physics, József Attila University, Szeged 
(Received May 2, 1965) 
According to a formula given in an earlier paper of the authors, the frequency at which the-
drop in fluorescence yield begins is completely determined by the position and shape of the emission 
spectrum. The validity of the formula obtained by a thermodynamical method is confirmed by-
results of recent investigations on several solutions. 
1. In a former paper [1] the authors investigated the changes in entropy occurr-
ing in fluorescence processes and came-to the result that in the case of very small 
exciting intensities the energy yield rj of fluorescence satisfies the inequality 
Here v is the frequency of excitation, Avf = l/f(v0) is approximately the half-width 
of the normalized energy spectrum / (v) of fluorescence, Av denotes the half-width 
of the exciting band (Av<cAvf), k the Boltzmann constant, T the absolute tem-
perature of the solution ; the frequency va is determined by the equation 
In deriving and applying inequality (1), besides purely mathematical simpli-
fications and neglections, the following assumptions of physical character were 
made: a) A very small quantity of the solution is in contact with a body of great 
dimensions and good thermal conductivity; its surface is supposed to be black 
and the part of the exciting energy which is converted into heat is eradiated by 
this body, b) The spectral intensity of the exciting light as well as that of the fluo-
rescence (positive and negative) is small compared to the spectral intensity of the 
black body radiation of temperature T and it tends to zero in limit, c) It is sup-
posed that the inequality (1) obtained for the limiting case remains valid for great 
intensities of excitation and fluorescence, as long as the intensity of fluorescence 
is proportional to that of the excitation. 
As it is to be seen from inequality (1), the drop in yield within the anti-Stokes 
region begins at frequency v0 and according to (2), this frequency is completely^ 
determined by the shape and spectral position of the fluorescence spectrum at a. 
given temperature T. 
(I> 
exp(hv0lkT)f(v0)=J v-\xp(hV'/kT)l[f(V')]2dv'. (2> 
o 









(in 1012 s~ ') 
1 Esculin M O " 4 
Ethanol 90%, Water 10% 
5• 10"3 mole/liter NaOH 712 421 685 
2 Al-Morin M O " 3 
Ethanol; 
2% acetic acid 652 460 614 
3 Trypaflavine M O - 4 
Ethanol; 
2 -10 - 3 mole/liter HCl 634 473 618 
4 Aurophosphin M 0 - " . 
Ethanol 90%, Glycerol 10% 
3-10- 3 mole/liter HCl 626 479 614 
5 Flavophosphin I -10- 4 
, Ethanol 90%, Glycerol 10% 
3-10- 3 mole/liter HCl 620 484 611 
6 Rhoduline orange J -10- 3 
Ethanol; 
5-10-? mole/liter HCl 595 504 
580 
7 Fluorescein M O - 4 
Ethanol; 
1% NaOH 590 - 509 579 
8 Eosin 4 -10- 4 
Etanol 80%, Water 20% 
5 - 1 0 - 3 mole/liter NaOH 565 531 556 
9 . Rose bengale J - JO-3 
Ethanol; 
5 -10- 3 mole/liter NaOH 537 559 531 
10 Rhodamine li MO--1 
Ethanol; 
3 • 10 - 3 mole/liter HCl 531 . 565 523 
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If the emission spectrum of the solution can be described [2] by 
f(v) =Nv* ex<p ( —hvUkT) sech [a(v— v„)], (3> 
the integrand in Eq. (2) is equal to ;VV" sech2 fa(v'— v.)]; thus v0, giving the spectral region of 
the drop in fluorescence yield, is led back to a and by Eq. (2) because the normalization coeffi-
cient N is completely determined by the parameter a and the frequency v. of pure electronic transi-
tion at a given temperature. 
2. I n o rde r t o c h e c k the val idi ty of inequa l i ty (1), t he ene rgy yields t], s h o w n 
in Fig. 1 by circles a n d sol id lines, have been d e t e r m i n e d wi th t h e e x p e r i m e n t a l 
m e t h o d desc r ibed in [3] f o r t he so lu t i ons given in T a b l e I. T h e l imi t ing f u n c t i o n s 
/(v), ca lcu la ted f r o m the e x p e r i m e n t a l fluorescence spec t r a a n d e q u a l t o t h e exp res -
s ion o n the r ight of inequa l i ty (1), a r e s h o w n by d o t t e d l ines in F ig . 1. I n c a l c u l a t -
ing /(v), t he va lue of iAvf/Av h a s been t a k e n e q u a l t o 3 a c c o r d i n g to t h e e x p e r i -
m e n t a l c o n d i t i o n s . It c a n be seen t h a t t he l im i t a t i on g iven by inequa l i ty (1) is f u l -
filled f o r t he so lu t i ons inves t iga ted , emi t t i ng f luo rescence in r a t h e r d i f f e r en t spec-
t r a l r eg ions of t h e visible s p e c t r u m . 
* * * 
T h e a u t h o r s wish t o express the i r s incere t h a n k s t o d r . J . HEVESI, dr . R . HORVAT 
a n d dr . L . K O Z M A f o r the i r v a l u a b l e p a r t i c i p a t i o n in t h e inves t iga t ions . 
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О ВЫСШЕЙ Г Р А Н И Ц Е ВЫХОДА Ф Л У О Р Е С Ц И Р У Ю Щ И Х РАСТВОРОВ 
А. Будо и И. Кечкемети 
То частота, у которой начинается падение выхода флуоресценции, по заданной 
формуле в одной предыдущей работе авторов, с положением и формой спектра флуорес-
ценции практически полностью определена.. По термодинамическим путем полученную 
формулу, результаты новых экспериментальных исследований в случае многих раство-
ров, подтверждают. 
RELATION OF THE DECAY TIME AND EFFECTIVE 
TEMPERATURE IN THE CASE OF LUMINESCENT SOLUTIONS 
By J. HEVESr, I. KETSKEMÉTY and L. KOZMA 
Institute for Experimental Physics, József Attila University, Szeged . 
(Received May 2, 1965) 
The difference AT—T* —T between real and „effective" temperatures as a function of decay 
time was investigated. In the case of quenched solutions a linear connection between In AT and 
T was found. The values of r calculated from NEPORENT'S modified relation seemed to be in a good 
agreement with measured decay times. 
1. Between absorption spectra e(v) and fluorescence spectra fq(y) of solutions, 
S T E P A N O V ' S relation holds in the neighbourhood of the frequency of pure elec-
tronic transition. This relation can be expressed in many .cases in the form fq(v) = 
= Ns(v)v2 exp( — hv/kT*), where N is a normalization factor independent of 
frequency, h and k are Planck's and Boltzmann's constants, and T* denotes an 
„effective temperature" differing bút moderately from the real temperature T of 
the solution [1]. On the base of the absorption and emission spectra T* can be 
calculated, and the difference AT — T* — T is connected with the decay time T 
of the solution by the relation 
AT = AT0exp(-T/T), (1) 
according to considerations based on a simple model, given in [2]."In Eq. (1) AT0 
and T' are constants characteristical for the solute and the solvent in the case of 
a given exciting frequency. [Eq. ( 1 ) is substantially N E W T O N ' S law of cooling app-
lied to a system consisted of excited molecules and it expresses that part of the 
energy transferred to the molecule during the excitation is transformed into heat 
which is — at least partly — transferred to the environment during the lifetime 
of the excited state of the molecule, thus raising the local temperature.] Eq. (1) 
has been supported by the fact that A T increased with increasing quencher con-
centration in quenched solutions. That can be namely interpreted by assuming 
that the heat exchange between the excited molecules and the solvent becomes 
more and more difficult with decreasing decay time. The values of T' calculated 
on the base of Eq. (1) with the use of certain estimations were physically accep-
table; this seemed to confirm Eq. (1) again. However, the immediate connection 
between decay time and AT has not been subjected to investigations up to the 
present. The aim of the present paper is to study S T E P A N O V ' S relation, partly on 
the base of Eq. ( 1 ) , partly by checking N E P O R E N T ' S modified relation with the use 
of the measured decay times. 
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2. In order to study the dependence of AT on decay time, the absorption and 
emission spectra were determined with the experimental method given in [3] f o r 
the solutions of Table I and the temperature difference was calculated on the base 
of these spectra. The decay time of the solutions was measured with the phase 
fluorimeter of the Physics Department Nicholas Copernicus University, Toruri. 
Table 1 

















. 0 38 4,18 0 19 4,06 
1 -10- ' 42 3,60 M 0 - 1 23 3,89 
KI 3 • t o - ' 49 3,10 KBr 6 ,3-10- ' 25 3,76 
6-10- 1 55 2,56 1 26 3,69 
1 •64 1,71 1,585 29 3,55 
A linear connection between In A T and r was found, as it can be seen f r o m the 
results plotted in Fig. 1, which was to be expected on the base of Eq. (1). From 
the slope of the straight, the value for x'= 4 ,7-10" 9 sec resulted and this was in 
good accordance with the values 
given in [2]. (It is to be noted that a 
similar diagram of solutions quen-
ched with KBr is also linear, but 
the value x'— 1,5-10~9 sec was 
calculated f rom its slope. In order 
to interprete this divergence diffe-
rent quenching mechanism should 
be supposed for the quenchers K B r 
and KI.) 
If the decay time is decreased 
by the change of viscosity of the 
solvent rather than by the concen-
tration of the quencher, the con 
stancy of x in (I) cannot be expec 
ted according to [2]. Fig. 2 shows 
the diagram of In AT versus x for 
the series of glycerol-water solutions 
listed in Table II. Obviously, this 
diagram is incompatible with Eq . 
Fig. I (1) if t ' is taken for constant. 
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1,0 3,0 AJO -2 , 0 
T-109(s) 
Fig. 2' ' ' 
3. It seemed-of interest to check N E P O R E N T ' S modified relation resulting o f 
S T E P A N O V ' S theory using the decay times, yield values and spectra determined 





= exp [-h(v-ve)/kT],' ( 2 ) ' 
<- L-10" - < 
where n is the refractive index, /y(v) and //„, denote the absolute yield of solution 
Table II 
1 -10- 4 mole/I Fluorescein, 3% NaOH, 3-10" 1 mole/1 KI + H2O 
Cgiyc 
(%) 
0 7,5 15 30 45 60 .75 • 85 
A T 
(°K) 
- 3 1 3 6 7 12 15 30 
Tm-IO-
CS) 
0,71 0,86 1,12 1,70 2,44 3,16 3,78 4,08 
rc-10" 
(s) 
0,70 0,91 1,24 1,61 2,20 2,95 3,27 3,15 
'7m 0,22 0,29 0,38 0,49 0,67 0,90 0,93 0,93 
0,92 0,92 0,92 0,91 0,91 0,90 0,90 0,89 
. v„-10- '2 
( s - ' ) 
598 597 596 595 593 592 591 . 590 
i 
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-as a function of exciting frequency and its maximum respectively, L Loschmidt 's 
constant, and ve the frequency of pure, electronic transition. It may be expected 
that Eq. (2) which has been derived for the case AT=0 should hold with a good 
approximation for the more general case T* ^ T, as well, substituting ve for -v. 
Having calculated the decay time T as a function of the glycerol concentration in 
Fig. 3 
this way for the solutions listed in Table II, the curve shown in Fig. 3 resulted; 
the little circles represent the measured decay times. The difference between the 
decay times measured and calculated does not seem considerable. 
* * * 
The authors are greatly indebted to Prof. A . BUDO, Director of the Inst i tute 
of Experimental Physics, Szeged for valuable discussions, to Prof. A . JABLONSKI 
for the kind permission of performing experimental investigations in the Institute of 
Experimental Physics, Toruri and to dr. R . B A U E R for the fluorimetric measurements. 
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С В Я З Ь М Е Ж Д У В Р Е М Е Н Е М З А Т У Х А Н И Я 
И Э Ф Ф Е К Т И В Н О Й Т Е М П Е Р А Т У Р Е Л Ю М И Н Е С Ц И Р У Ю Щ И Х РАСТВОРОВ 
Я. Хевеши, И. Кечкемети и Л. Козма 
В случае растиорои исследовалось изменение разницы опытной п эффективной тем-
пературах (АТ = Т*—Т) в зависимости от длительности затухания (г). Показано, что 
у потушенных растворов 1пЛ7' линейно зависит от т. Значения т, полученные из опыта й 
вычисленные из модифицированной формулы Непорента практически совпадают. 
Z U M EINFLUSS EINER KUPFER-, BZW. KUPFER-
U N D CHLORDOTIERUNG AUF DIE P H O T O L E I T U N G 
VON CdS-SINTERSCHICHTEN 
Von M. ZÖLLEr 
Institut für Experimentalphysik der József Attila Universität, Szeged 
(Eingegangen am 25 Mai, 1965) 
Es wurde in einer früheren Arbeit über den Einfluß einer Halogendotierung auf die Photo-
leitung von CdS-Sinterschichten berichtet [1]. Das dabei angewandte chemische Sensibilisierungs-
verfahren wurde nun auf den Einbau von Kupfer, bzw. Kupfer und Chlor angewendet. Die Licht-
empfindlichkeit der mit Cu und Cu + Cl dotierten Schichten ist um mehrere Größenordnung höher 
als die der undotierten. Die Stabilität der Schichten erwies sich als sehr gut; ihre Eigenschaften 
wurden auch durch langdauernde starke Belastung nicht geändert. 
Herstellung von CdS- Photowiderständen 
Als Ausgangsmaterial wurde die Kolloidlösung des CdS gewählt. Darin 
wurden verschiedene Kupferverbindungen (Kupfersulfid, Kupferkarbonat, Kup-
ferammoniumchlorid) gelöst, bzw. kolloidales Reinkupfer zugemischt. Diese Mi-
schung wurde auf mit eingebrannten Platinelektroden versehene Glasplatten auf-
getragen und an der Luft bei 40° bis 50 CC getrocknet. Die Schichtdicke betrug 
einige /;, die lichtelektrisch wirksame Fläche 40 m m 2 bei einem Elektrodenab-
stand von 5 mm. 
Zur Ausbildung der Photoempfindlichkeit mußten die Schichten einer wei-
teren Wärmebehandlung unterworfen werden. Zur Feststellung des fü r die maxi-
male Sensibilisierung günstigsten Temperaturintervalls wurden die Schichten bei 
verschiedenen Temperaturen, jedoch mit derselben Zeitdauer an der Luft aus-
geglüht. 
Meßergebnisse 
Es wurde gefunden, daß der Dunkelwiderstand der Schichten mit wachsender 
Temperungstemperatur bis 550 °C stetig ansteigt. Er erreicht dort den Wert von 
1010 bis 1011 Ohm. Bei weiterer Steigerung der Temperungstemperatur nimmt 
der Dunkelwiderstand ab. Die Lichtempfindlichkeit tritt bereits, nach einer Tem-
perung bei 400 °C auf. Sie steigt mit zunehmender Temperungstemperatur bis 
550 °C stark an und bleibt bei Temperaturen zwischen 550° und 600 °C nahezu 
konstant. Die bei einer Temperatur 600 °C getemperten Schichten verlieren 
ihre Lichtempfindlichkeit. 
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Die Strom-Spannungs-Charakteristik der untersuchten Schichten war im Be-
reich von 1 bis 100 Volt, auf den sich unsere Untersuchungen beschränkten,Jbei 
allen Lichtintensitäten linear. Des öfteren trat eine Photospannung in der Größen-
ordnung von 10 mV auf, die dem nicht vollkommen ohmschen Kontakt zuge-
schrieben werden kann. 
Der Zusammenhang zwischen 
Photostrom und Beleuchtungsstärke 
kann im Bereich von 102 Lux bis 103 
Lux durch die Beziehung i ^ — c l^ 
dargestellt werden, wobei iph die 
Photostromstärke, c eine Konstante 
und / d ie . Belichtungsintensität 
bedeuten. Der Wert des Exponenten. 
x lag bei den untersuchten Schich-
ten zwischen 0,5 und 0,8. 
Bei der Untersuchung der A n -
und Abklingvorgänge des Photos-
tromes zeigten die mit Kupfe r 
dotierten Schichten dasselbe Verhal-
ten, wie die mit Kupfer dotierten 
Einkristalle. Auch die Dauer des 
An- und Abklingprozesses stimmte 
annähernd mit den bei Einkristallen 
gemessen Werten überein. 
Die spektrale Verteilung der 
Photosensibilität der einzelnen 
Schichten wurde bei einer Elek-
trodenspannung von 10 V mit einem 
durch eine 90 W Wolframglühlampe 
belichteten Zeiss-schen Spiegel-
monochromator aufgenommen. 
Die Kurve a dieser Abbildungen1 ist an einer undotierten CdS-Schicht gemes-
sen worden. Sie zeigt nur das für das CdS charakteristische Photoleitungsmaximum 
an der Grundgitterabsorptionskante bei etwa 508 m//. Alle anderen Kurven sind 
an Sinterschichten gemessen worden, die auf verschiedene Art mit Kupfer, dotiert 
waren. Sie zeigen alle ein zweites Maximum bei. etwa 580 m//. • 
Die doppelte Dotierung der CdS-Schichten wurde durch Anwendung von 
Kupferammoniümchlorid durchgeführt. Auch das Kupferammoniumchlorid wurde 
in den CdS-Kolloidlösungen gelöst, woraus nach der Entwässerung und Tempera-
turbehandlung Cu und C1 in die Schichten eingebaut werden konnten. Durch Än-
JA«,' 
Fig. 1. Spektrale Verteilung der Lichtempfindlichkeit 
a) undotierter, h) mit CuS, c) mit CüCCh, d) mit 
kolloidalem Kupfer dotierter CdS-Schichten 
' Die Figuren stellen die infolge der Wirkung des monochromatischen Lichtes von gleicher 
Intensität entstehenden Galvanometerausschläge als Funktion der Wellenlänge in willkürlichen 
Einheiten dar. Bei der Darstellung der Kurven von verschiedenen Schichten wurden zur Darstel-
lung der Photoströme verschiedene Einheiten gewählt, deshalb können die Photoströme nicht 
unmittelbar verglichen werden. Zwecks Reduktion der Galvanometerausschläge auf die gleiche 
Lichtintensität wurde die Intensität des aus dem Monochromator austretenden Lichtbündels bet 
verschiedenen Wellenlängen durch ein Thermoelement gemessen. 
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derung der Konzentration der Cu-Dotierung läßt sich das zweite Maximum in 
das langwellige Gebiet verschieben und die Lichtempfindlichkeit der Schichten 
kann bis auf etwa 0,9 /< ausgedehnt werden. 
Fig. 2. Spektrale Verteilung der Lichtempfindlichkeit mit Cu 
und C1 dotierter Schichten. 
Deutung der Meßergebnisse 
Die gleichzeitige Abnahme der Photoempfindlichkeit und des Dunkelwider-
standes der bei T > 6 0 0 °C getemperten Schichten ist vermutlich auf die Ausbil-
dung eines Kadmiumüberschusses und auf eine Umwandlung des CdS in C d O 
zurückzuführen. 
Das zweite Maximum der Kurven b und c in Fig. 1 ist der Wirkung der Kup-
ferdotierung zuzuschreiben. Es gibt auch andere Meßergebnisse an mit Kupfer 
dotierten CdS-Einkristallen und CdS Aufdampfschichten, die es nahelegen, dieses 
Maximum der Wirkung des Kupfers zuzuschreiben. So fand A V I N O R [2 ] an mit 
Kupfer aktivierten CdS-Einkristallen ein Photoleitungsmaximum bei 580 mn, 
während V E I T an CdS-Schichten [3] , die durch nachträgliche Eindiffusion von 
Kupfer aktiviert waren, ein Photoleitungsmaximum bei etwa 600 m/x erhielt. Wenn 
man der Vorstellung von A V I N O R folgt, ist dieses Maximum dem energetischen 
Term eines auf einem Kadmiumgitterplatz befindlichen Kupferatoms zuzuschreiben. 
U m nachzuweisen, daß das um 580 m/i erscheinende Maximum durch das 
Kupfer verursacht wird, wurde den CdS-Kolloidlösungen kolloidales Kupfer zu-
gemischt und es wurden mit dieser Mischung Schichten hergestellt. In der spektra-
len Verteilungskurve der Lichtempfindlichkeit der mit kolloidalem Kupfer dotier-
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ten Schichten erschien ebenfalls ein zweites Maximum bei etwa 580 m/<. das an der 
Kurve d in Fig. 1 zu sehen ist. 
in die mit Kupferammoniumchlorid dotierten Schichten kann das nach dem 
infolge des Tempers verdampften N H 3 zurückbleibende Cu und Cl eingebaut 
werden. 
Der Vorteil des beschriebenen Sensibilisierungsverfahrens besteht darin, daß 
äußerst empfindliche Photowiderstände auf eine sehr einfache Weise hergestellt 
werden können. Versuchs über Dotierung der CdS-Photowiderstände mit anderen 
Stoffen (In, Ga) unter Anwendung des beschriebenen Verfahrens sind im Gange. 
* i: * 
Der Verfasser ist He r rn Prof . dr . A . BUDÖ, Di rek to r des Inst i tuts f ü r Experi-
mentalphysik der Jözsef Attila Universität Szeged, und Herrn dr. H. B E R G E R , 
Physikalisch-Technisches Institut der Deutschen Akademie der Wissenschaften zu 
Berlin, zu aufrichtigem Dank verpflichtet. 
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В Л И Я Н И Е П Р И М Е С Е Й М Е Д И И М Е Д И + Х Л О Р А 
НА Ф О Т О П Р О В О Д И М О С Т Ь С П Е Ч Е Н Н Ы Х С Л О Е В CdS 
М. Зёллэп 
В предыдущей работе [1] были опубликованы результаты, полученные путём введения 
галогенов и спеченные слои CdS. Применили химический метод сенсибилизации д л я 
введения примесей меди и меди + хлора . Таким образом чувствительность примесных 
слоев CdS на несколько порядков больше, чем у чистых слоев. При хранении плёнок 
стабильность очень хорошо и их свойсв не изменяются даже в случае длинных и силь-
ных нагрузок. 
ÜBER DIE ANWENDUNGSMÖGLICHKEIT DER M E T H O D E 
DER INTERMITTIERT GALVANOSTATISCHEN BELASTUNG 
AUF DIE U N T E R S U C H U N G VON M e / S / H 2 0 TERNÄREN SYSTEMEN 
Von L. HACK.L 
Institut für Allgemeine und Physikalische Chemie der József Attila Universität, Szeged 
(Eingegangen am 20. April, 1965) 
Es wurde versucht, die Meßmethode der intermittiert galvanostatischen Belastung, die haupt-
säch l i ch v o n E . LANGE, R . OHSE U. a . [1, 2 , 3] a u s g e a r b e i t e t u n d z u r A u f k l ä r u n g v o n E l e k t r o d e n -
reaktionen an binären M e / H 2 0 Systemen angewandt wurde, auch bei der experimentellen Unter-
suchung von Mc/S /HjO ternären Systemen zu verwenden. 
Dabei sind verschiedene Metallelektroden in H2S-gesättigten Lösungen mit einer periodischen 
Folge von galvanostatischen Strom-Rechteckimpulsen belastet und der Spannungs-Zeit-Verlauf 
mit Hilfe eines Potentiographen ( M E T R O H M E 336) registriert worden. Die Ruhe-Bezugsspan : 
nungen der auftretenden Spannungsniveaus konnten mit den Gleichgewichtsspannungswerten 
aus thermodynamischen Daten der einzelnen Elektrodenreaktionen verglichen und so ausgewertet 
werden. Einige der so erhaltenen Ergebnisse werden gezeigt und kurz behandelt. -
A) Einleitung 
Durch Schwefel und verschiedene Schwefelverbindungen verursachte Korro-
sionserscheinungen kommen in der Praxis sehr oft vor. In Böden, wo auch sulphat-
reduzierende Bakterien anwesend sind, werden die Metallgegenstände am häu-
figsten durch H 2 S angegriffen. Diesem Umstände ist eine große Anzahl von Arbei-
ten zu verdanken, die Untersuchungsergebnisse über die Wirkungsweise der H2S-
Korrosion vom praktischen Gesichtspunkte behandeln, wobei die Meßergebnisse 
theoretisch oft nicht eingehender diskutiert sind, oder aber die aus thermodyna-
mischen Daten errechneten Reaktionsmöglichkeiten rein theoretisch betrachten. 
Beide Arten geben zwar sehr wichtige Aufschlüsse zur Beurteilung der ablauf-
enden Prozesse, sind aber manchmal schwer miteinander in Einklang zu bringen. 
Es erweist sich als ein gangbarer Weg, diese scheinbare Widersprüche dadurch 
aufzulösen, daß die aus thermodynamischen Grundlagen errechneten bekannten 
Potential/pH-Diagramme experimentell nachgeprüft werden, um festzustellen, wie-
weit die prinzipiell möglichen Elektrodenreaktionen in der Wirklichkeit auftreten. 
Für binäre Systeme haben solche theoretische Potential/pH-Diagramme einer-
seits K . N A G E L , E. L A N G E U. a. [ 4 , 5 , 6 ] anderseits M. P O U R B A I X [ 7 , 8 , 9 , 1 0 ] u. a. ~ 
ausgearbeitet. Die Erweiterung dieser Diagramme auf M e / S / H 2 0 ternäre Systeme 
wurde von J . H O R V Á T H U. M. N O V A K [ 1 1 , 1 2 ] sovie von J . B O U E T und J . P. B R E N E T 
[13] durchgeführt. . --
L A N G E und Mitarbeiter haben die für binäre Systeme von ihnen berechneten 
Gleichgewichtspotentiale experimentell kontrolliert. Die experimentelle Unter-
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suchung der theoretischen Diagramme für ternäre Systeme erscheint um so wich-
tiger, als infolge der verhältnismäßig großen Anzahl der potentialbestimmenden 
Ionen bei gleichen Bedingungen mit dem Aufbau von verschiedenen Sulphid- und 
Hydroxid- bzw. Oxydschichten mit gleicher thermodynamischen Wahrschein-
lichkeit zu rechnen ist. Die Entscheidung der Frage, welcher dieser Schichten in 
Wirklichkeit bevorzugt aufgebaut wird bzw. ob gemischte Sulphid-Oxyd-Schichten 
entstehen, ist infolge der Intensität der zu erwartenden Korrosion äußerst wich-
tig, da die Schutzwirkung der verhältnismäßig lockerer aufgebauten Sulphidschichten 
geringer ist. Aus den Versuchsergebnissen lassen sich außerdem Folgerungen be-
züglich des minimalen kathodischen Schutzpotentials ziehen, das zur Erreichung 
des vollkommenen Schutzes im Falle eines gegebenen Me/S/H 2 0-Sys tems zu 
sichern ist. 
Durch das Gesagte erscheint der Versuch voll gerechtfertigt, die M e / S / H 2 0 -
Systeme mit der von E . L A N G E U. a. fü r binäre Systeme ausgearbeiteten Methode 
der intermittiert galvanostatischen Belastung zu untersuchen. 
B) Kurze Beschreibung der theoretischen Grundlagen des Meßverfahrens 
Schickt man durch eine Meßzelle einen Strom und verfolgt den Spannungs-
Zeit-Verlauf zwischen Versuchselektrode und Elektrolyt mit einem geeigneten 
.Potentialmeßgerät, so zeigt — wie bekannt — die Spannung im allgemeinen den 
Fig. I. Zeitlicher Verlauf der Zellspannung bei rechteckförmigem 
Stromimpuls (schematisch) 
in Fig. 1. schematisch dargestellten Verlauf [14], der durch den Ohmschen Wider-
~ stand des Systems, die Doppelschichtaufladung, die Geschwindigkeit des lonen-
austausches an der Metalloberfläche und durch Konzentrationsveränderungen in der 
Lösung bestimmt wird. Nach dem- Ausschalten des Polarisationsstromes klingt 
das Potential in umgekehrter Weise ab, bis sich schließlich das Ruhepotential wie-
der einstellt. Das Ruhepotential ist jeweils durch die an der Metall-Elektrolyt-
Grenzfläche ablaufenden elektrochemischen Prozesse bestimmt. Setzt also an der 
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Elektrodenoberfläche auf die Einwirkung des polarisierenden Stromes ein neuer 
potentialbestimmender Prozeß ein (z. B.: Deckschichtbildung im Sinne einer Elek-
trode zweiter Art), so fällt das Potential auf den durch diesen Prozeß bestimmten 
Gleichgewichtswert. 
Wird also der Polarisationsstrom periodisch intermittiert, so nimmt das sich 
in den Ruheperioden einstellende stationäre Potential den Gleichgewichtswert 
der potentialbestimmenden Prozesse an. Die durch die periodisch aufeinander-
folgenden stationären Ruhepotentialwerte gebildeten Niveaus sind also mit den 
Potential-Gleichgewichtswerten von im System angenommenen Elektrodenprozes-
sen Vergleichbar. Dadurch kann entschieden werden, welche von den angenomme-
nen elektrochemischen Reaktionen in einem gegebenen System in Wirklichkeit 
ablaufen. 
C) Experimentelle Technik 
Figur 2 zeigt die Schaltanordnung, mit dessen Hilfe die Versuchselektrode 
intermittiert galvanostatisch belastet und der Spannungs-Zeit-Verlauf registriert 
wurde. 
Fig. 2. Meßanordnung des Galvanostaten. TB=Trockenbatterie, K1-3 = Schalter, A = ¡JLA—111A 
Meter, M= Metronom, KE= Gegenelektrode, 0 = Oszilloskop, t'~ Potentiograph Typ: Metrohm 
E 3 3 6 . 
Die Stromversorgung erfolgte durch eine 120 V Trockenbatterie. Zur Einstellung des ge-
wünschten Stromes dienten eine Reihe von Schicht- und Schiebewiderständen. Ein zweckent-
sprechend-umgebautes Metronom erzeugte die Intermittierung des Belastungsstromes. Durch 
schließen des Schalters Kz konnten Versuche mit langzeitiger Belastung durchgeführt werden. 
Ks diente zum Umpolen des Stromes. 
Das Elektrodengefäß ist ausführlicher in Fig. 3 dargestellt. Versuchs- und Gegenelelitroden-
raum waren durch eine G3 Glasfritte getrennt. Die Versuchselektrode war auf dem Rührer auf-
gebaut, so daß es möglich war, sie auch während der Messung mit konstanter Umlaufgeschwin-
digkeit zu bewegen, u. a. um die Konzentrations-Polarisation noch intensiver zurückzudrängen. 
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Der Rührerschaft bestand aus einem am unteren Ende seitlich durchgebohrten Cilasrohr. In der 
Höhe der Bohrung wurde eine, aus dem zu untersuchenden Metall hergestellte zylinderförmige 
Blechelektrode aufgepreßt und mit Kunstharz (CIBA Araldit) angekittet und an den Kanten abge-
deckt. Die Unebenheiten wurden nachher auf einer Drehbank korrigiert und gleichzeitig der Rührer 
zentriert. 
Falls "das zu untersuchende Metall nicht analysenrein war, so wurde auf dessen Oberfläche 
eine 1 - 1 , 5 mm dicke Schicht des reinen Metalls elektrolytisch aufgetragen. Der Rührerschaft 
war mit Quecksilber gefüllt, das durch die Bohrung 
mit der Innenfläche des untersuchten Metalls in 
Berührung stand. Der Kontakt zum Galvanostaten 
war durch einen in das Quecksilber von oben hin-
einragenden fixierten Kupferdraht gesichert. 
Im Versuchsgefäß befanden sich noch die Gas 
Zu- und Ausführungsrohre, die Luggin-Kapillare 
sowie die Glas- bzw. Kalomelelektroden zur pH-
Kontrolle. 
Die Gegenel'ektrode bestand aus einem in Glas 
eingeschmolzenen Platinblech, mit einer Fläche von 
10 cm2. Um eine möglichst homogene Potentialver-
teilung zu erreichen, reichte die Glasrohrzuführung 
vom Gegenelektrodenraum bis in die Mitte des 
Elektrodenraumes. Die Versuchselektroden wurden 
vor jedem Versuch abgeschliffen, geätzt und in de-
stilliertem Wasser, sowie in dem entsprechenden 
Elektrolyten gespült. 
Als Bezugselektrode diente bei den Messungen 
eine gesättigte Kalomelelektrode, welche über Heber, 
Zwischenelektrolyt und Luggin-Kapillare mit dem 
Versuchsgefäß in Verbindung stand. Der Abstand 
zwischen dem Ende der Kapillare und der rotie-
renden Arbeitselektrode konnte variiert werden. 
Zu den Elektrolytlösungen wurde doppelt-
destilliertes-Wasser benutzt. Die Lösungen von . 
verschiedenen pH wurden aus analytisch reihen 
Substanzen hergestellt. Alle Versuchselektrolyten 
waren auf Na2S04 bezogen 5%-ig. Die pH-Ein-
stellung erfolgte mit H2SO4 bzw. HNO) und NaOH. 
Die Registrierung der Potential-Zeit-Kurven 
erfolgte mit einem Potentiographen METROHM 
E 336. In einigen Fällen wurde der genauere Verlauf 
der Kurven auch oszillographisch ausgemessen. Die 
Einstellungsgeschwindigkeit des Potentiographen war 
250 mm/sec, was zur Beobachtung der Einstellung 
des Gleichgewichtspotentials bei unseren Messun-
gen genügte. Die Meßgenauigkeit des Instrumentes 
betrug ± 2 mV, was die Ablesegenauigkeit der oscillo-
graphischen Aufnahmen übersteigt. 
Fig. 3. Das Elektrodengefäß des Galvano-
staten. GE— Gegenelektrode, G1, G2 = Gas 
Ein- und Auslasshähne, E = Versuchselek-
trode, A = Kunstharzisolierung, /?= Rüh-
rer, L = Luggin-Kapillare, KE= Kalome-
lelektrode. 
In der oben beschriebenen Weise wurden Me/S/H 20-Systeme von 
Fe, Ni, Zn, Sn, Pb, Äg, Pt, Cu 
untersucht. Über die bei der Untersuchung der einzelnen Me/S/H 2 0-Sys teme 
erhaltenen Ergebnisse wird in späteren Mitteilungen-berichtet. Gegenwärtig soll 
bloß an einigen Beispielen gezeigt werden, wieweit die beschriebene Methode fü r 
die Untersuchung ternärer Systeme geeignet ist. 
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D) Beispiele der Anwendbarkeit der Methode zur Untersuchung 
von Ternären Me/S/H20-Systeme 
Zur Darstellung der Ergebnisse seien die Systeme: A g / S / H 2 0 und Cu/S/'H20> 
gewählt. 
I. System Ag/S/H20 
Elektrodenreaktionen im System A g / S / H 2 0 . 
1. Ag2S + 2 H+ + 2e- = 2 Ag + H 2 S 
E = - 0 , 0 3 - 0 , 0 5 9 1 p H - 0 , 0 2 9 5 log pH2s 
2. Ag,S ! H • 2c 2 Ag | HS 
E = —0,27—0,0295 p H —0,0295 log a H S - -
3. Ag2S + 2 e - = 2 Ag + S 2 " 
E = - 0 , 6 8 - 0 , 0 2 9 5 log a S 2- , 
4. AgS + 2 H + + 2e~ — Ag + H 2S 
E = 0 , 3 1 - 0 , 0 5 9 1 p H - 0 , 0 2 9 5 log pH2s 
5. 2 AgS+ '2 H + + 2 e ~ = A g 2 S + H 2 S 
E = 0,69 - 0,0591 p H - 0 , 0 2 9 5 log pH2s 
6. A g 2 0 + 2 S + 2 H + + 2 e " = 2 AgS + H 2 0 
F. 0,86 0,0591 pH 
7. A g 2 0 + S + 2 H + + 2e~ = Ag2S + 2 H 2 0 
E = 1,38-0,0591 pH 
8. 2 Ag + + S + 2e~ = A g 2 S 
E = 1,00 . ' 
9. 2 AgO + 2 H + + 2 e ~ = A g 2 0 + H 2 0 
E = 1,398-0,0591 pH 
iL System Cu/S/H20 
Elektrodenreäktionen im System C u / S / H 2 0 
1. Cu ,S 2 H ' i 2e 2 Cu •• H ,S 
E = - 0 , 2 7 - 0 , 0 5 9 1 p H - 0 , 0 2 9 5 log pH2s 
2. Cu ,S • H ' \ 2 e 2 C u i- HS 
E = - 0,499 - 0,0295 pH - 0,0295 log a H S -
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• 3: C u , S + 2e- = 2 C u + S 2 : 
E = — 0,9 —0,0295 l o g a s 2 -
4. CuS + 2 H + +2e~ = Cu + H 2 S 
E = - 0,084 - 0,0591 p H - 0,0295 log p„ 2 S 
.5. CuS- t -H* +2e~ = C u + H S -
E = - 0,340 - 0,0295 p H - 0,0295 log a H S -
•6. CuS + 2e - = C u + S 2 -
E = - 0,73 - 0,0295 log aS 2 -
"7. 2 C u S + 2 H+' + 2 e - = C u 2 S + H 2 S 
E = 0,10 - 0,0591 p H - 0,0295 log p „ , s 
'8. 2 CuS + H + +2e~ = Cu 2 S + HS~ 
E = 0 , 1 2 6 - 0 , 0 2 9 5 p H - 0 , 0 2 9 5 log a H S -
•9. 2 C u S + 2 e " = C u 2 S + S 2 -
E = —0,539— 0,0295 log a s 2 -
"10. C u 2 + + S + 2 e - = C u S 
E = 0,60 
11. C u ( O H ) 2 + S + 2 H + + 2 e ~ = C u S + 2 H 2 0 
E = 0 ,862-0 ,0591 p H 
12. C u O + S + 2e~ + 2 H + = CuS + 2 H 2 0 
E = 0 , 8 2 - 0 , 0 5 9 1 p H 
13. C u ( O H ) 2 + 2 H + +2e~ = C u + 2 H 2 0 
E = 0 ,612-0 ,0591 p H 
14. CuO + 2 H + + 2 e - = C u + H 2 0 . 
£ = 0 , 5 6 9 - 0 , 0 5 9 1 p H 
Von der Mitteilung der Potent iogramme vyurde diesraals abgesehen, es werden 
bloß die Potent ia l /pH-Diagramme der theoretisch berechneten Gleichgewichts- , 
Potentiale der Elektrodenreaktionen mi t den eingezeichneten Meßresul ta ten dar-
gestellt (Fig. 4, 5). Die Erklärung der Bezeichnungen ist in Tabellen I. und IT. zu 
ifinden. 
0 • mä S 
o» 
1 
Fig. 4 iinci 5. Potential/pH Gleichgcwichtsdiagramme der A g / S / H 2 0 und Cu/S/H20-Systemen 
mit eingezeichneten Meßresultaten. 
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Tabelle I. 
Bezeichnungen der Versuchsbedingungen im Potential/pH Diagramm des Systems Ag/S/H-O. 
Bezeichnung pH Polarisation Stromdichte mA/cm2 Rühren 
• 
1,2 
.anodisch 50 ohne Rühren 
o , anodisch 20 
o anodisch 20 mit durchströmendem 
H 2 S gerührt 
• 
3,1 
kathodisch 20 ohne Rühren 
A anodisch 20 mit Rühren 
• anodisch 20 
• kathodisch 20 
o anodisch 50 ohne Rühren 
• kathodisch 50 
A 4,3 anodisch 50 , • 
• anodisch 6 mit Rühren + H2S 
• ' • kathodisch 6 Durchströmung 
o anodisch 20 mit Rühren 
• 7,4 kathodisch 20 
A anodisch 15 ohne Rühren 
Tabelle II. 
Bezeichnungen der Versuchsbedingungen im Potential/pH Diagramm des Systems Cu/S /H 2 0 

















"0 mit Rührung 
• kathodisch 10 
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E) Schlußbemerkung 
' Der Vergleich der theore t i sch berechne ten Gle ichgewichtspotent ia le mi t den 
e ingeze ichneten Meßergebn issen zeigt eine befr iedigende Ü b e r e i n s t i m m u n g . Es k a n n 
d a h e r festgestell t werden, d a ß das beschriebene Verfahren auch zur Untersuchung 
von tertiären Me/Sj H20-Systemen mit Erfolg angewendet werden kann. 
Die Ergebnisse der mi t den oben e rwähn ten t e rnä ren Sys temen d u r c h g e f ü h r t e n 
U n t e r s u c h u n g e n w o r ü b e r k u r z u n d z u s a m m e n f a s s e n d in e inem V o r t r a g der 15. 
C I T C E - T a g u n g in L o n d o n 1964 ber ichte t wurde , werden in spä te ren Mi t te i lungen 
aus führ l i che r diskut ier t . 
* * * • • 
Ich h a b e He r rn Dozen ten D r . F . M Á R T A f ü r sein lebhaf tes Interesse a n dér 
Arbe i t , H e r r n A d j u n k t D r . J . H O R V Á T H f ü r die T h e m e n f ü h r u n g u n d Un te r s tü t z -
u n g der Un te r suchungen meinen aufr icht igen D a n k auszusprechen . 
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О ПРИМЕНЕНИИ МЕТОДА ПРЕРЫВИСТОЙ ГАЛЬВАНОСТАТИЧЕСКОЙ 
ПОЛЯРИЗАЦИИ НА И З У Ч Е Н И Е СИСТЕМ Ме/8/НгО 
Л. Хшсл 
Автором изучалась возможность применения метода прерывистой гальваностати-
ческой поляризации, разработанной для изучения электродных реакций в бинерных 
систем металл/Н20 прежде всего от Е. Ланге , Н. Г ё х р и др., на тернерные системы 
Ме/Б/ШО. Методом станет возможным выяснить электродные реакции происходящие на 
Бе, №, Хп, Би, РЬ, Ag, Р1, Си металловых электродах в насыщенных Нгв растворах с 
различными рН. Значит, метод применяется в случае тернерных систем. В работе име-
ются данные полученные в изучении тернерных систем Ag/S/H20, Си/в/НгО. 

STEROIDS. PART II1 
Preparation of 6-dehydro-pregnane derivatives 
By M. HALMOS, J. SZABÓ and Ö. KOVÁCS 
Institute of Organic Chemistry, József Attila University, Szeged 
(Received May 3, 1965) 
Dehydrogenation by means of different dehydrogenation agents of acylated derivatives and' 
3-enolethers of 3/?, 17a-dihydroxy-zf 5-prcgnene-20-one and 3/?-hydroxy-17a-acetoxy-/J5-preg-
nene-20-one as well as of 17a-hydroxy-progesterone has been studied. 
At synthetical steroids with strong biological effect, which have been prepared 
in recent time and especially in case of different hormones, unsaturated bonds 
introduced in different parts of the steroids play a decisive role in forming the extent 
of the effect. Of these the more important are the At and A6 double-bonds, the 
latter increasing the effect of the compounds in question first of all in case of simul-
taneous introduction of 6 alkyl or halide functions. E. g. the effect of 17a-acetoxy-
progesterone (oral Clauberg assay) is 15 times increased by the introduction of 
6 chlorine function, and the simultaneously introduced double bond increases 
it 250 times [1,9]. Besides profilactic anticancer compounds have recently been 
found among 6-dehydro-pregnane derivatives [2, 3]. 
The usual methods to form ¿l6-unsaturated bond are eliminations of hydrogen 
halide or water from the compound substituted in the required place [4—11] and 
rearrangement of a known unsaturated bond f rom 6-methylene derivatives [12]. 
More recently the most widespread method is the dehydrogenation by different 
quinones, what may lead to A l - and ^ - u n s a t u r a t e d steroids, depending on the 
solvent, temperature and the quinone applied. As it is well known, /1,-double bond 
can be introduced even by means of selene dioxide [11, 13a, 13b]. WETTSTEIN [ 1 4 ] 
has applied benzoquinone as hydrogen acceptor together with aluminum alcoho-
lates in case of 3-hydroxy-zl 5-androstene- and pregnene-derivatives, and under 
such conditions -d46-diene-3-onebond systems were formed, that is the oxidation 
of the hydroxyl group is accompanied by a dehydrogenation process in the B-ring. 
Chloranil (tetrachloro-p-benzoquinone) was first used for dehydrogenation of 
hydrocortisone acetate. The products of the reactions are 6-dehydro derivatives 
in xylene solution, 1,6-bis-dehydro derivatives in n-amylalcohol. This method became 
fairly widespread for synthesizing A6 unsaturated steroids, [lb, 7, 9, 10, 13a, 13b, 
16—24]. Dehydrogenation can be well performed if the diene system is already 
preformed in form of 3-enolester or enolether [11, 23, 25, 36]. For preparation 
of 3-enol systems in the case of A4-3 oxo derivatives ethyl orthoformate [26, 33] 
or 2,2-diethoxypropane [34] are used. Tetrachloro-o-benzoquinone and often 
2,3-dicyano-5,6-dichloro-l,4-benzoquinone (DDQ) are used as dehydrogenation 
1 Part I — Acta Chim. Hung. (1965). in press. 
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.agents [ 9 , 2 4 , 3 5 , 3 6 ] . J A C K M A N N [ 3 7 ] reviewed on dehydrogenations caused by 
quinones, further A G N E L L O and L A U B A C H [ 3 8 ] and R I N G O L D and 'h i s coworkers 
,[24. 39, 40] dealt with the reaction mechanism. 
For synthetic purposes we have studied the dehydrogenation of some preg-
nane derivatives by means of chloranil and by W E T T S T E I N ' S method, respectively [ 1 4 ] . 
3/?,17a-dihydroxy-Jd5-pregnene-20-one (la) and 3/?-hydroxy-17oc-acetoxy-,d5-
pregnene-20-one (lb) were treated in presence of p-benzoquinone with aluminum 
isobutoxide in toluene and the desired !7a-hydroxy-il6-progesterone (I fa) and 
17a-acetoxy-zl6-pr.ogesterone, resp., have been obtained [42]. In the case of lb 
•during the process the hydrolysis of 17a-acetoxy-group does not take place. It was 
possible to prepare l i b by acetylation of ITa with acetic anhydride in presence of 
p-toluenesulphonic acid. 
i i " c=o c=ó 
a, R:H o. R:H 
b, R:0Ac b. R:0Ac 
The dehydrogenation of 17a-caproyloxy-progesterone (III) with chloranil in 
.tetrahydrofurane yields 17a-caproyloxy-z)6-progesterone (IV) [42]. 
R •• CSH„C0 
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III being treated with tetrachloro-ortho-benzoquinone und erco.nditions similar 
t o that of dehydrogenation by chloranil, the product obtained is not identical with 
IV. On the basis of physical constants of the compound and of the IR spectra, dehyd-
rogenation likely proceeds in ^1(2) position and 17aTcaproyloxy-zl1-progesterone 
was formed (V) [44]. A broad band found in the infrared spectra at 1660 c m - 1 
as well as an olefin band found at 800 c m - 1 indicates ¿l1;4-diene-3-one-structiire. 
17«-caproyloxy-progesterone (III) was treated with ethyl orthoformate in presence 
of hydrochloric acid [26], sulphuric acid [27] and p-toluene sulphonic acid [28] 
to give the enolether ( V I ) . The latter was treated by the method of K I K U O , J A S U D A and 
their coworkers [43] with t-butylchromate in carbon tetrachloride. We isolated 
17a-caproyloxy-/l6-progesterone (IV) from the reaction product by chromatography 
on silicagel. 
According to our experiences best yiel'd was reached with dehydrogenation 
by chloranil in the preparation of 6-dehydro derivatives. Concerning the different 
suppositions on the mechanisms we do not think it necessary to suppose the cyclic 
intermediate, as it has been done by M A N D E L L [ 4 0 ] , dehydrogenation through 
enolization appears to be more probable. It had been proved by R I N G O L D and 
T U R N E R [ 2 4 ] in the course of their experiments. They found that the rate of dehyd-
rogenation is depending on the enolization and on the concentration of reaetants 
promoting enolization. We have to note that the rate of dehydrogenations carried 
out with different quinones are independent of the redox potentials of different 
quinones, that is, depends on other factors [37]. 
Experimental 
1 Icj-hydroxy-A ¿-progesterone (\la.-hydroxy-AA 6-pregnadiene-3,20-dione) (Ha) 
To 3 g of 3/?,17a-dihydroxy-,d5-pregnene-20-one (la) dissolved in 180 ml. of 
anhydrous toluene, 18 g of p-benzoquinone was added and 30 ml of toluene dis-
tilled f rom the solution. After addition of 3 g of aluminum-t-isobutoxide the 
mixture was refluxed for an hour, then it was steam-distilled for three hours the cooled 
residue acidified with 10 ml of 1 N sulphuric acid and was extracted with 5 X 100 ml 
of ether. The extracts were washed with 1 N N a 2 C 0 3 solution until negative FeCl3 
test. The solution was then washed with water, dried ( N a 2 S 0 4 sicc.) and evapor-
ated to 50 ml, filtered on a short A1 2 0 3 column (80 g, act.: II), washed with 50 ml 
of ether and evaporated. 1,2 g of oil was obtained and it was chromatographed 
on silica gel (60 g) with ethyl acetate. The crystalline substance obtained (622 mg) 
was recrystallized f rom acetone-ether. Yield: 452 mg of 17a-hydroxy- /d6-proges-
terone (Ha). Mp. : ¿ 3 9 - 2 4 1 ° ; ( a ) " : + 2 2 ° (c: 1, CHC13); IR A ^ 4 : 3660 c m - 1 (OH 
free), 3540 c m - 1 (OH assoc), 1690 c m - 1 (20-ketone) 1660 c m - 1 (conjugated-3-
ketone), 1617, 1586 c m - 1 (conjugated olefin), 1015 c m - 1 (OH). 
Anal. : Caicd. C 2 1 H 2 8 0 3 C 76,79 H 8,59 Found C 76,68 H 8 , 6 3 % . 
1 la.-acetoxy-A6-progesterone (17oc-acetoxy-A46-pregnadiene-3,20-dione) (lib). 
A) 1,5 g of 3/j-hydroxy-17«-acetoxy-,d 5-pregnene-20-one (lb) was dissolved 
in 90 ml of anhydrous toluene, 9 g p-benzoquinone was added and 15 ml toluene 
102 M. HALMOS, J. SZABÓ AND Ö. KOVÁCS 
distilled from the solution. 1,5 g aluminum-t-isobutoxide was added to the solution 
and boiled for an hour. After steam distilling for two hours the cooled residue 
was acidified with 1 N sulphuric acid and extracted with 5 X 50 ml of ether. The 
extract was washed with cool saturated N a H C 0 3 solution until negative FeCl 3 
test. Then the solution was washed with water, dried ( N a 2 S 0 4 sicc.) and evaporated. 
The residue was chromatographed on silica gel (50 g) with ethyl acetate and 350 mg 
of crystalline substance was obtained and crystallized from acetone-ether. Yield: 
228 mg 17a-acetoxy-J6-progesterone (lib). Mp. : 2 1 8 - 2 2 0 ° ; («)?<>: +18° (c: ], 
CHCI3). IR : 1720, 1240 cm_ 1 (ester), 1690 c m " 1 (20-ketone), 1660 
(conjugated-3-ketone), .1617, 1586 c m - 1 (conjugated olefin). 
Anal.: Calcd.: C 2 3 H 3 0 O 4 C 74,54 H 8,16 Found : C 74,32 H 8,09%. 
B) 300 mg of 17a-hydroxy-zl6-progresterone (Ila) was dissolved in 10 ml 
anhydrous toluene, 10 ml of p-toluenesulphonic acid and 1 ml of acetic anhyd-
ride were added, then the solution boiled for 3 hours and 4 ml of solvent was 
distilled oif. 1 ml of pyridine was added and the solution distilled under reduced 
pressure till it became dry. The residue was recrystallized from aceton-ether. 152 m g 
of 17a-acetoxy-/d6-progesterone was obtained (lib). Mp. : 219—220°; (a)D°-
+ 18°: (c: 1, CHCI3). IR spectra were identical with those of A. 
Anal.: Found: C 74,28 H8 ,12%. 
17oc-caproyloxy-A6-progesterone (I 7a-caproyloxy-A4 6-pregnadiene-3,2Q-dione (IV) 
A) 2 g of 17a-caproyloxy-progesterone (III) was disseolve in 60 ml of anhyd-
rous tetrahydrofurane. 1,6 g chloranil was added and the solution refluxed f o r 
20 hours. The cooled mixture was diluted with water for five times of its original 
volume, then extracted with 2 X 60 ml of ethyl acetate. The extract was washed 
with 1 N N a O H solution until the disappearance of FeCl3 reaction, then with 
water and dried ( N a 2 S 0 4 sicc.). The solution was filtered on a short A1 2 0 3 column. 
(30 g, act: II) and evaporated at reduced pressure. The residue was recrystallized 
from acetone. 782 mg of 17«-caproyloxy-zl6-progresterone (IV) was obtained. 
Mp. : 108 -110 °C; (a)?,0: + 1 0 ° ( c : 1, CHC13). IR A ^ ' 4 : 1718cm" 1 (ester), 1690 c m " 1 
(20-ketone), 1660 c m " 1 (conjugated-3-ketone), 1608, 1552 c m " 1 (olefin). 
Anal.: Calcd.: C 2 7 H 3 8 0 4 C 76,02 H,8,98 Found: C 76,00 H 8,87%. 
B) 1 g of 3-ethoxy-17a-caproyloxy-zl3 5-pregnadiene 20-one (VI) was dissol-. 
ved in 50 ml carbon tetrachloride and 10 ml t-butylchrornate solution [43] was . 
added, the solution was boiled on water-bath for three hours at constant stirring. 
Then 100 ml of 10% aqueous oxalic acid and 5 g oxalic acid were added and then 
the solution was stirred for two hours at room temperature. It was extracted with 
3 X 100 ml ethyl acetate, the extract washed with 1 N sodium hydroxide solution 
then with water and dried ( N a 2 S 0 4 sicc.) and distilled under reduced pressure. 
The residue is dissolved in 50 ml acetone and filtered through 20 g A1 2 0 3 , eva-
porated and recrystallized f rom acetone. 222 mg of 17a-caproyloxy-d6-progesterone 
(IV) was obtained. Mp. : 109-110° ; (a)D°: + l l ° (c: 1, CHC13). IR 1 7 2 0 c m " 1 
(ester), 1690 c m " 1 (20-ketone), 1658 c m " 1 (conjugated-3-ketone), 1608, 1550 c m " 1 
(olefin). 
Anal.: Found C 76,05 H 8.96%. 
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3-ethoxy-]loL-caproyloxy-A3 ¡-pregnadiene-20-one (VI) 
A) 2,5 g of 17a-caproyloxy-progesterone (III) was dissolved in anhydrous 
benzene, 1,25 ml of freshly distilled ethyl orthoformate, 1 ml of dry ethanol and 
1 drop 22% hydrochloric acid in anhydrous ethanol were added, then the mixture 
boiled for two hours. After cooling it was made alkaline with 1 N N a O H solution then 
the mixture was washed with water. The organic layer was distilled under reduced 
pressure, then it was chromatographed with benzene on A l 2 0 3 - c o l u m n ( 8 0 g , act.: 
II). The obtained crystalline substance was recrystallized f rom methanol: 1,22 g of 
3-ethoxy-17a-caproyloxy-J3 5-pregnadiene-20-one (YI) was obtained. Mp. : 138 — 140 
(a)D°:-(-11° (c: 1, C H C l 3 ) . ' l R A ^ 4 : 1708 c m " 1 (ester), 1660, 1608cm" 1 (olefin). 
Anal.: Calcd.: C 2 9 H 4 4 0 4 C 76,27 H 9,71 Found C 76,18 H 9,68%. 
B) 2 g of 17a-caproyloxy-progesterone (III) was dissolved in 25.ml of anhyd-
rous tetrahydrofurane, then 1 ml of anhydrous ethanol, 1,9 ml of ethyl orthofor-
mate and 30 mg of p-toluenesulphonic acid were added. After shaking for ,30min 
1,5 ml of anhydrous pyridine was added and the solution distilled under reduced 
pressure to. dryness. Residue was recrystallized f rom methanol. 1,01 g of 3-ethoxy-
17a-caproyloxy-zl3 5-pregnadiene-20-one (VI) was obtained. M. p: 137—140°; 
: + 10° (c: 1, CHC13). IR spectra proved to be identical with that of compounds 
described in A. 
Anal. : Found C 76,22 H 9,69. 
C) 1 g of 17ot-caproy]qxy-progesterone (III) was dissolved in 15 ml of anhyd-
rous, dioxane, 1 ml of ethyl orthoformate, 0,1 ml of anhydrous ethanol and 0,04 ml 
of cc. H 2 S 0 4 dissolved in 1 ml anhydrous dioxane were added. The reaction mix-
ture was shaken for 30 min., then 1 ml of pyridine added. Then it was diluted with 
water and the obtained crystalline solid filtered, dried and recrystallized f rom metha-
nol. 0,42 g of 3-ethoxy-17a-caproyloxy-zl3 5-pregnadiene-20-one was obtained. 
Mp.: 137-139° ; ( a ) " : + 10° (c: 1, CHC13). The IR spectra was identical with of 
product described in A. Anal.: Found: C 76,12 H 9,79%. 
Dehydrogenation of lla-caproyloxy-progesterone ( I I I ) with fetrachloro-benzoquinone 
1 g of 17a-caproyloxy-progesterone (III) was dissolved in 30 ml of anhydrous 
tetrahydrofurane, l g of tetrachloro-o-benzoquinone was added and the solution, 
boiled for 18 hours. The cooled mixture was diluted with water up to five volume 
then extracted with 3 X 40 ml of ethyl acetate. The extract was washed with 1 N NaOH 
solution until negative FeCI3 test, then with water and dried ( N a 2 S 0 4 sicc.). The 
resulting solution was evaporated under reduced pressure and the residue chroma-
tographed on a silica gel column (40 g) with ethyl acetate. A crystalline substance 
(303 mg) was obtained which after recrystallization f rom acetone-ether yields 
201 mg of 17<x-caproyloxy-<di 4-pregnadiene-3,20-dione [44]. Mp. : 100—101°; 
(<X)D° : +2° . (c: 1, CHC13). I R A ^ 4 : 1720cm" 1 (ester), 1660cm" 1 (conjugated 
ketone), 1620, 1558 c m " 1 (olefin), 800 c m " 1 (olefin). 
A n a l : Calcd.: C 2 7 H 3 8 0 4 C 6,02 H 8,98 Found C 75,98 H 8,75%. 
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СТЕРОИДЫ. II 
Изготовление 6-дегидропрегнен-производных 
М. Гальмош, Й.Сабо и Ё. Ковач 
Авторы изучали дегидрогенациго аиилированных производных и 3-энолового эфира 
3/М7а-дигидрокси-Л5-прегнен-20-он, 3$-гидрокси-17а-ацетокси-Л5-прегнен-он, и 17а-
гидрокси-прогестерона; различными реагентами дегидрогенации. 
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Synthesis of 16a-carbomethoxy (carboxy-c14) progesterone 
Data on the Mechanism of Alkaline Hydrolysis of 
3/i,20/?-dihydroxy-16a-cyano-z!,4-pregnene 
By M. HALMOS and J. SZABÓ 
Institute of Organic Chemistry, József Attila University, Szeged 
(Received May 3, 1965) . 
3/?-hydroxy-16a-cyano-C14-zf5-pregnene-20-one was prepared from 3/?-acetoxy-zf5,16-preg-
nadiene-20-one with KC 1 4N. The former was reduced with NaBH4 to 3/?,20/?-dihydroxy-16oc-
cyano-C14-zf5-pregnenc and subjected to alkaline hydrolysis. By this 3/?,20/f-dihydroxy-16/?-car-
boxy-C'*-As-pregnene-l6,10-lactone was obtained together,with 3/?,20/?-dihydroxy-16a-carboxy-
C14-^5-pregnene. Esterification and oxidation yielded 16a-carbometoxy-(carboxy-C14)-proges-
terone The alkaline hydrolysis of 3/f,20/?-dihydroxy-16a-cyano-Cl4-z)5-pregnene and 3/?,20/?-
dihydroxy-z)3-pregnene-l 6a-carboxamide-(carboxy-C14) were also studied, checking the ratio 
•of the formed Cu isomeric acids. 
AcO 
In an earlier part of this series [1] we dealt in details with the mechanism of 
alkaline hydrolysis of 3/?,20/?-dihydroxy-16a-cyano-z45-pregnene-20-one, obtained 
by treatment with K C N of 3/?-acet-
' oxy-zl 5 ] 6-pregnadiene-20-one and 
subsequent N a B H 4 reduction. As 
it is known, the alkaline hydrolysis 
of 3/?,20/?-dihydroxyl6a-cyanb-/d5-
pregnene leads to 3/?.20/2-dihydroxy-
16a-carboxy-zl s-pregncne (lVa) and 
as a result of the epimerisation 
on C 1 6 , 3/?,20/?-dihydroxy-16/?-car-
boxy- i 5 pregnene-16,20-lactone (Va) 
was obtained. These two compounds 
were acetylated and the resulted 
diacetate (IVb) and monoacetate 
(Vb) were separated by chroma-
tography. 
The stereochemical changes 
which take place during the alkaline 
hydrolysis of the 16a-cyano group 
have been . dealt with by several 
papers [1 — 8], suggesting different 
mechanisms. There are three possi-
bilities of the epimerization of C 1 6 : 
t-'R-Ac 
1 Part I Acta Chim. Hung. (1965), in press. 
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a) Epimerization of the 16a-cyano-compound (III) may take place; 
b) Isomerization of the acid amide formed during the alkaline hydrolysis of 
(111) nitrile; 
c) Interconversion of the epimeric-16-carboxylic acid salts also may take place. 
There are several examples for the alkaline isomerization of these derivatives. 
Alkaline racemizations of cyano compounds have been published [19—24] and 
C R A B B E and R O M O [13a, 13b] could separate the 16/?-cyano isomer f rom the reaction 
mixture of a mild alkaline hydrolysis of 3/J, 20/?-dihydroxy-16a-cyano-zl5-pregnene 
(III). Earlier we succeeded [1, 26a, 26b] in isolating an acid amide (VI) f r o m a similar 
alkaline reaction, the structure of which has already be ;n proved synthetically 
in this laboratory. Acid amides are known to undergo racemization and epimeri-
zation, respectively [22, 23, 26] and 3^,20^-dihydroxy-16a-carboxamido-^5-preg-
nene (IV)-gives on alkaline hydrolysis 3/?,20/J-dihydroxy-16a-carboxy-^5-pregnene 
(IVa) and 3/?,20/j-dihydroxy-16/^-carboxy-zl 5-prcgnene-16.20-lactone (Va) [1]. 
In the course of complete alkaline hydrolysis of the 16-cyano group stereoche-
mical changes take place in tTie stage containing nitrogen, that is in nitrile and 
acid amide states, resp., for the possible IV = V transit ion was excluded experi-
mentally under the conditions applied by us [1]. The absence of the latter equil ibrium 
was also proved by checking the hydrolysis and the propor t ions of the isolated end-
products. The experiments show that hydrolysis was completed in 9 hours instead of 
72 hours reported originally [2] while the ratios of compounds (IV) and (V) remained 
constant during the reaction. To get evidence that the rat io of compounds (IV) and 
(V) remained unchanged f rom the very beginning of the reaction when the con-
centrations are too small, the study of the hydrolysis of C1 4- labeled nitril (111) 
was also carried out by activity measurements. The synthesis of labeled nitril and 
the hydrolysis of nitril essentially were carried out as described in [1]. 3/?-acetoxy-
^5,I 6"P r egnadiene-20-one. was treated with K C 1 4 N , then the obtained labeled 
16a-cyano compound (VII) was reduced with N a B H 4 to the labeled cyandiol . In the 
course of alkaline hydrolysis 
of the latter compound samp-
les were taken out t ime-totime 
and. run on thin-layer 'p la tes . 
The separated acid (IX) and 
lactone (X) were eluated and 
activities measured (Table 1). 
3)9, 20/?-diacetoxy-16a-carbox-
amido-C 1 4 - J 5 -p regnene (XI ) 
was prepared f r o m 3/?,20/?-di-
hydroxy- 16a-carboxy-C1 4-zl5-
pregnene (IX) by. acetylation 
and subsequent treating with 
thionyl chloride and a m m o n i a . 
Similarly as above hydrolysis 
of acid amide (XI) wascar-
ried out and the ( IX : X ) 
ar t io determined by measur ing 
the activity of the produc ts 
xl ' (Table II). 
AcO 
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These measurements show that in thQ alkaline hydrolysis both of (VIIJ) and 
(XI) the I X : X ratio i. e.. the originally examined IVa:Va ratio does not change 
during the hydrolysis, thus we suppose that in the alkaline hydrolysis of 3/?, 
20/?-dihydroxy-16oe-cyano-il5-pregnene isomerization of the C 1 6-funct ion takes 
place either in nitril or in acid amide phase, perhaps in both. The secondary stereoche-
mical transformation of the carboxyl group in 16a or 16/9 position can be excluded.. 
We prepared 3/?,20/?-dihydroxy-16a-carboxymetoxy-carboxy-C l4-(-zl 5-pregne-
ne (XII)). Oxidation of this ester (XII) leads to 16a-carbomethoxy-(carboxy-C14)-





C = 0 • 
Experimental2 
ifi-hydroxy-1Crx-cya no-Cl4-A 5-pregnene-20-one (VII) 
500 mg of 3/?-acetoxy-J516-pregnadiene-20-one (I) was dissolved in 10 ml 
of methanol, 1 ml of ethyl acetate and 1 ml of water and then 500 mg of K.CN con-
taining K C 1 4 N were added. The solution was kept boiling in a vapour-bath for 
two and half hours. After cooling it was poured in 50 ml of water, filtered and 
washed with 3 X 1 0 ml water and dried. 370 mg of 3/?-hydroxy-16cc-cyano-C14-
A5-pregnene-20-one (VII) was obtained. Mp.: 231 -235° ; (OC)D0: + 16°; (C: 0,5, 
chloroform). Analysis: Calcd.: C 2 2 H 3 1 N 0 2 (341,47) C 77,38 H 9,15 Found: C 77,35-
H 9,09%. Spec, activity: 9595 cpm/mg. 
?>fi,2Q(i-dihydroxy-\6a-cyano-Cl*-A5-pregnene (VIII) 
340 mg of 3^-/2^i/roxj-16a-cyano-C14--d5-pregnene-20-one (VII) was dissol-
vedin 6 ml of boiling methanol and 20 mg of N a B H 4 dissolved in water 
was added. The solution was boiled for half an hour and the solvent decanted from 
the separated syrup. After cooling 0,1 ml of glacial acetic acid was added and eva-
2 Measurements of activity were carried out with 1000 decadic scaler (Orion EMG 1872)-
by a (Gamma) scintillation crystal. . 
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porated under reduced pressure. The crystalline mixture obtained was transferred 
on to a filter with 5 ml of water, washed and dried. It was recrystallized f rom metha-
nol. 278 mg. of 3/?,20/?-dihydroxy-16oe-cyano-C14-J5-pregnene (VIII) was obtained. 
Mp. : 2 3 1 - 2 3 3 ° ; (<x)?0: - 7 4 ° ; (c: 0,5, dioxane). Anal.: Calcd. C 2 2 H 3 3 N 0 2 (343,49) 
C 76,92 H 9,68 Found: C 76,82 H9 ,59%. Spec, activity 8731 cpm/mg. 
Alkaline hydrolysis of 3fi,20p-dihydroxy-\6<x-cyano-Ci*-A5-pregnene (VIII). 
200 mg of 3/?,20/?-dihydroxy-16a-cyano-C14--d5-pregnene (VIII) was dissol-
ved in 5 ml of ethanol and 1 g of K O H dissolved in 2,5 ml of water was added. 
The solution was boiled and sampleswere taken time-by-time. The samples were tre-
ated with diluted HC1 (3 volumes) then extracted with double volume ethyl acetate 
and the extract washed with water, dried ( N a 2 S 0 4 sicc.) and evaporated. The re-
sidue was divided into two thin-layer plates, chromatographed (non-bonded alu-
mina, neutral, III . : layer thickness: 0 ,5mm, solvent system: benzene: ethyl ace-
tate 9:1). Parts of the adsorbent were separated in the area corresponding to Rf : 0,00 
a n d Rf: 0,15, respectively, extracted with hot ethyl acetate and evaporated. The 





16a-isomer (LX) 16/?-isomer (X) 
1/2 2420 1792 1,35 
1 .4552 3422 1,33 
2 6618 4938 1,34-
3 7602 5759 1,32 
7 9439 6940 1,36 
10 10020 7367 1,36 
12 9870 7421 1,33 
15 9912 7342 1,35 
30. 9895 7222 1,37 
50 9770 7291 1,34 
:3j},2Qfi-dihydroxy-\6f}-carboxy-Cl4-A5-pregnene-3,20-lactone ( I ) 
400 mg of 3/?,20/?-dihydroxy-I6a-cyano-C14-zl5-pregnene (VIII) was dissolved 
in 10 ml of ethanol, 2 g K O H dissolved in 5 ml of water was added. The solution 
was boiled for 12 hours, after cooling the solution was treated with diluted hydro-
chloric acid (1:1). The separated amorphous solid was filtered, washed with water, 
•dried and chromatographed on A1 20 3 (neutr. I l l ) with ethyl acetate. The residue, 
obtained after removal of the solvent was recrystallized f rom ethanol. 82 mg of 3p. 
20/?-dihydroxy-16/?-carboxy-C14-,d5-pregnene-3,20-lactbne (X) was obtained. M p . : 
241 -242° ; (oc)?,0: - 3 1 ° (c: 0,5, dioxane). Anal. : Calcd. C 2 2 H 3 2 0 3 (344,47) 
C76,70 H 9,34 Found: C 76,58 H 9,20%. Spec, activity: 7502 cpm/mg. 
3fi,20f}-dihydroxy-l6tx-carboxy-Cl*-A5-pregnene (IX) 
A1 20 3 remaining f rom the chromatographic experiment described in the former 
•case was extracted several times with hot ethyl acetate. The residue remained after 
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evaporat ion of the extracts was recrystallized f r o m methanol. 106 mg of 3/120//-
dihydroxy-16a-carboxy-C1 4-^5-pregnene (IX) was obtained. M p . : 2 8 7 - 2 9 1 ° ; (a)o°: 
- 7 4 ° ; (c: 0,4, dioxane). Anal . : Calcd. : C 2 2 H 3 4 0 4 (362,49) C 72,89 H 9,45 F o u n d : 
C 72,79 H 9,41% Spec, activity: 7802 cpm/mg. 
3P,20P-diacetoxy-\6a-carboxamido-C1A-As-piegnene ( X I ) 
According to C R A B B E and his coworkers [8], 3/J, 20/J-di hydroxy-16a-carboxy-
C 1 4 - / l 5 -pregnene (IX) after acetylation in the usual way with acetic anhydride 
was t ransformed in benzene into acid chloride with thionylchloride, then into 
acid amide with ammonia. After recrystallization 3/?.20/?-diacetoxy-16-carbox-
.ani ido-C 1 4-^ 5-pregnene (XI) was obtained. M p . : 2 0 2 - 2 0 4 ° ; (a)o°: - 5 6 ° ; (c: 0,5 
chloroform). Anal . : Calcd. C 2 2 H 3 9 0 5 N (445,57) C 70,08 H 8,82 F o u n d : C 70,02 
H 8 , 6 9 % . Spec, activity: 6519 cpm/mg. 
Alkaline hydrolysis, of 3[),20{i-diacetoxy-1 (w-carboxaniido-C* *-A 5-pregnene (XI)-
100 mg of 3/?,20/?-diacetoxy-16a-carboxamido-C 14-zd5-pregnene (XI) was hyd-
rolized in a completely similar way as described in the alkaline hydrolysis of 3[i. 
20/?-dihydroxy-16a-cyano-C1 4-J5-pregnene (VIII). Values of activity obtained f rom, 





16a-isömer (IX) 16/8-isomer (X) 
• 1/2 : 763 592 1,29 
1 . 1521 1170 1,30 
2 - 2481 1924 1,29 
3 3389 2648 1,28 
7 5307 4021 1,32 
10 5950 4542 1,31 
15 5968 4627 1,29 
30 5530 4318 1,29 
50 5484 4219 1,30 
3/i,20(i-dihydroxy-16a-carbomethoxy- (carboxy-CiA)-As-pregnene ( X I I ) 
100 g of 3/?,20/?-dihydroxy-16a-carboxy-C l4-/d5-pregnene (IX) was dissolved 
in 40 ml of methanol and treated in the usual way with ethereal solution of diazo-
methane. Af ter standing for an hour the solution was evaporated and the residue 
recrystallized f r o m a mixture of methanol-ether. 81 mg of 3/i,20/?-dihydroxy-16a-
carbomethoxy-(carboxy-C1 4-)-zl5-pregnene .(XII) was obtained. M p . : 177—179°; 
(a)o°: - 7 4 ° ; (c: 0,2 chloroform). Anal . : Calcd: C 2 3 H 3 6 0 4 (376,55) C 73,36 H 9 , 6 4 
F o u n d : C 73,32 H 9 , 5 2 % . Spec, activity: 6188 cpm/mg. 
\6a-carbomethoxy-(carboxy-Cl*)-progesterone ( X I I I ) 
500 mg of 3/9,20^-dihydroxy-16a-carbomethoxy-(carboxy-C14)-zl 5-pregnene 
(XII). was dissolved in 30 ml of toluene, 10 ml of freshly distilled cyclohexanone 
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and 200 mg aluminumisopropoxide dissolved in 10 ml of anhydrous toluene were-
added. The reaction mixture was boiled for two hours, filtered, washed with 2 X 10 ml 
of 5% hydrochloric acid and then with 2 X 2 0 ml of water. The solution was then 
steam distilled, the residue was extracted with 3X20 ml of chloroform, the extract 
filtered, dried ( N a 2 S 0 4 sicc.) and distilled. The amorphous residue was dissolved 
in 7 ml of glacial acetic acid and while constantly shaking and cooling, 0,5 g chromic 
acid anhydride dissolved in 5 ml of water and 20 ml glacial acetic acid were added 
in 20 min. The solution was shaken for 20 min., during this time the temperature 
of the bath was raised to room temperature. The reaction mixture "was poured 
into 40 ml ice-water and extracted with 5 X 30 ml ether. The extract was washed with 
5% sodium carbonate solution and water, dried and distilled. The residue was 
recrystallized from acetone-n-hexane mixture. 22 mg of 16oc-carbomethoxy-(carboxy-
C14)-progesterone (XIII) was obtained. Mp.: 143-144° ; (a)o°: +133° ; (c: 0,5 
CHCI3). Anal: Calcd. C 2 3 H 3 2 0 4 (372,48) C 74,16 H 8,66 Found: C 74,00 H 8,41%. 
Spec, activity: 6002 cpm/mg. 
i= * * 
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Синтез 16а.-карбометокси (карбокси-С{А)-прогестерона ' 
.Данные о механизме алкалического гидролиза 3/?, 20)8-дигидрокси-16а-циан^з-прсгнена 
М. Галъмош и Й. Сабо 
Авторами было синтезировано 3/?-гидроски-16х-циан-С ,4-Л5-прегнен-20-он из ЗД-аце-
токси-/)5,1б-преп[адиен-20-он с KC 1 4N, После редукции с NaBH 4 получили 3/?,20/?-дигид-
рокси-16а-циан-С , 4-Л5-прегнен, и алкалический гидролиз последнеого был изучен. В резуль-
тате алкалического гидролиза ЗД20^-дигидрокси-16^-карбоксм-С14-/)5-прегнен-16,20-
лактон и . Зу?,20^-дигидрокси-16а-карбокси-С | 4-^5-прегнен были получены. Эстериро-
ванием и .окислением 1 последнего 16а-карбометокси-(карбокси-С14)-прогестерон полу-
чили. Изучался алкалический гидролиз 3/?, 20^-дигидрокси-16а-циан-С14-/)5-прегнена, м 
т а к ж е изучали соотношение полученных Ci 6 изомерных окисей во времени ;; также 
соотношение Ci 6 изомерных окисей полученных в алкалическом гидролизе 3/?, 20/?-диа-
цетокси-16а-карбоксамндо-С , 4-^5-прегнена полученно1-о из 3/?, 20/?-дигидрокси-16а-кар-
бокси-С'4-/)5-прсгнена путем измерения активности. 

SYNTHESIS OF SUBSTANCES EFFECTING C. N. S. VIII 
Synthesis of New Diindolylmethane Derivatives Effecting C. N. S. 
By S. FÖLDEÁK, J. CZOMBOS, B. MATKOVICS 
Institute of Organic. Chemistry, József Attila University, Szeged 
J. PÓRSZÁSZ 
Institute of Physiology, Medical University, Szeged 
(Received May 3, 1965) 
Some derivatives and bis-Mannich bases of diindolylmethane have been prepared from indof 
with oxo-compounds and from indols substituted in 4-, 5- and 6-positions with formaldehyde. 
The mechanism of formation of diindolylmethane as well as that of the Mannich reaction has been 
studied by means of thin-layer chromatography. 
The condensation reaction of indol with benzaldehyde and benzoylchloride 
was studied first by F I S C H E R [1, 2]. „Roseindol" formed f rom indol and benzoyl-
chloride was reduced by zinc in glacial acetic acid to .give the same compound as 
obtained by the reaction of benzaldehyde and indol. As to the structure of the 
compound thus formed he supposed that two indolyl.radicals were coupled in the 
molecule by the benzylidene-radical. Indolidene indolyl-phenylmethane („rose-
indol"), as well as diindolyl-phenylmethane, formed from benzaldehyde and in-
dol, can be transformed into each other by oxidation and reduction, respectively. 
The structure of products formed f rom indol with oxo-compounds has been studied 
in detail by F R E U N D and his coworkers [3], S C H O L T Z [4] and by other investigators 
[5, 6]. According to them indol and an oxo-compound in a mole ratio of 2:1 gives 
a diindolylmethane derivative, while in a mole ratio of 1:1, or in strong acidic 
media [7, 8] it produces indolidene (ketal) derivative. It has already been supposed 
by G O L D S C H M I D T [5] and H A R R I S S [6] that depending on the pH, indol takes part 
in the reactions in two tautomeric forms (indol—indolenin) what has lately been 
proved by formation of isonitrosoindol [9] and other reactions as well, and more 
recently by spectra of nuclear magnetic resonance (NMR).[10, 11]. The synthesis 
of diindolylmethane has been carried out by T H E S I N G in three ways: 
a ) from indol with formaldehyde solution in aqueous neutral media; 
b) f rom 3-oxymethylindol in aqueous media at p H 5,5, and 
c) from indol magnesium bromide with paraformaldehyde. 
Its formation as a by-product has also been observed in the synthesis of gra-
mine [13]. Recently the optimum p H for the formation of diindolylmethane has 
been studied by K A M A L and his coworkers [ 14 ] using different aldehydes and seties 
of pH. This optimum pH value was found to be 2,5 — 3,5. 
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According to data given in the literature the formation of diindolylmethane 
takes place in two steps: f rom indol and formaldehyde 3-oxymethylindol is fo rmed 
which gives 1,3-diindolylmethane with indol in a bimolecular substitution reaction. 
The mechanism of formation of diindolylmethane, as it is clear from our investi-
gations, is not so simple, the process is much more complex. Our experiments 
carried out in this respect can be summarized as follows: 
In a 2:1 mole reaction mixture of indol and formaldehyde the amount of pro-
ducts formed and their changes were followed by thin-layer chromatography. The 
intermediate products appearing in the chromatogram were isolated, their struc-
ture determined or in case of compounds which could hardly be identified the 
structures were deduced in some other ways. From changes in time of spots appear-
ing in the chromatogram and f rom the results of experiments carried out with 
corresponding pairs of isolated compounds we concluded the reaction mechanism 
(see below). 
The chromatogram of formation of diindolylmethane is to be seen in Fig. 1, 
showing spots of different products formed with the progress of thé reaction. (0,002 
mole indol, 0,001 mole 38% formaldehyde solution in 2 ml methanol of 60%; 
pH 3,5, 25 °C on a 0,25 mm Kieselgel G plate. Tempering agent: benzol: c-hexane: 
ethanol in a volume ratio of 5:4:1. Developed in iodine vapour.) 
The intermediate products of the process with the exception of III and V could • 
be isolated, by changing the conditions of the reaction, thus their structure could 
also be determined. The following compounds correspond to the certain spots 
of the chromatogram: 
f>t 
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Fig. I 
I. indol 
II. it is formed from indol on applying formaldehyde in excess, in strong alkaline 
media at room temperature. As testified by analysis and the infra-red spectra, 
it is N-oxymethyl indol. 
III. (see note to Fig. 2). 
IV. it could be identified with 3-oxymethylindol prepared from 3-indolaldehyde 
by catalytic hydrogenation [15]. 
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V. it could not be isolated, however, is supposed to be N-oxymethyl-3,3'-diin-
dolylmethane, since it is formed f rom diindolylmethane together with formal-
dehyde besides isolated N,N'-bisoxymethyl-3,3'-diindolylmethane. 
VI. it is fo rmed f rom diindolylmethane in alkaline and acidic media as well. On 
the basis of the analysis and infra-red data it proved to be N,N'-bisoxymethyl-
3,3'-diindolylmethane. 
VII. identified with 3,3'-diindolylmethane prepared f r o m indol with formaldehyde. 
In order to clear up the mechanism of the reaction besides the former investiga-
tions the reaction of the isolated intermediates with each other has also been studied 
and to follow u p the t ransformation similarly the thin-layer chromatography was 
applied. The experiment, on the basis of the spots in the chromatogram can be 
evaluated as follows (Fig. 2). Tempering and developing as in Fig. 1. 
Column 1. The reaction of indol and formaldehyde (2:1 mole ratio, pH 3,5) 
in two hours. Compounds II and VI are formed during the reaction. 
Column 2. Compound II (under conditions similar to those in the reactions 
of Column 1) partly t ransformed into indol. It is to be noted that in diy* media 
as e. g. chloroform, ethanol or benzol, II does not change even on heating, and 
fused over its melting point it does not decompose. 
On the basis of the chromatogram, under the conditions of the reaction an 
equilibrium must be supposed between indol and N-oxymethylindol. 
Column 3. Compound IV does not change allowed in dry alcohol for 2 hours. 
Column 11. Under the given reaction conditions (pH 3,5) IV changes into 
VII, I and V in two hours. This can only be interpreted by supposing an equilibiiuni 
between 3-oxymethylindol and indol. 
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Columns 4 and 5. With formaldehyde II and IV equally gives 111. The latter 
is stable only in solution, in the isolating procedures it decomposes to IV. Since 
f rom N-oxymethylindol (II) and 3-oxymethylindol (IV) the same compound (III) 
is formed with formaldehyde, III can be supposed to be identic with N,3-bisoxy-
methylindol. 
Column 6. Reaction between I and II does not take place, no new compound 
is formed and an equilibrium can be set in between the two. 
4 
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Column 7. IV changes with I into 
diindolylethane (VII). 
Column 8. Compound VII with 
formaldehyde changes into N-oxymeth'yl-
diindolylmethane (V) and NVN'-bisoxy-
methyl-diindolylmethane (VI). 
Column 9. By reaction IV with II 
after a prolonged time, N-oximethyldi-
indolylmethane (V) is formed. 
Column 10. Compound VI with I 
gives partly diindolylmethane (VII). 
Summarizing the results of chrom-
atographic experiments the formation of 
diindolylmethane can be supposed to take 
place according to the scheme shown in 
Fig. 3, 
Tautomeric (a, b) equilibrium; as 
shown by the extension of II and I V spots 
in the chromatogram (Fig. 1) under the 
given reaction conditions is shifted appro-
ximately in 70% toward A. From la 
Ni-oxymethylindol (II) and f rom lb 3-oxy-
methylindol (IV) are formed. In the first period of the reaction, when VII is not 
yet formed, the ratio of the two compounds is about 3:1. N-oxymethylindol, formed 
in" larger quantities (II), step-bystep changes through III into 3-oxymethylindol 
(iV), because the latter falls out from equilibrium 111 = IV owing to the format ion 
of diindolylmethane. 
Thus the reaction leads to diindolylmethane (VII) in two directions: 
a ) 3-oxymethylindol (IV)— diindolylmethane (VII), and 
b) N-oxymethylindol (II) — N,3-bisoxymethylindol (III) 
3-oxymethylindol (IV).—• diindolylmethane. 
Compounds V and VI are formed in small quantities from diindolylmethane 
in the reaction mixture with formaldehyde, thus it does not seem probable that 
V and VI would play a decisive role in the formation of diindolylmethane. 
Indols substituted in 4-, 5- and 6-positions, used as starting substances, were 
prepared by the methods of J A P P — K L I N G E M A N , R E I S S E R T and T H E S I N G (Table I ) . 
The substituted diindolylmethane derivatives were obtained from these compounds 
with formaldehyde (Fig. 4). It is to be noted that the reaction takes also place with 
substituted indols according to the mechanism mentioned above. 
The MANNICH-type reaction of diindolylmethane has been studied and described 
by T H E S I N G [ 2 4 ] . He has also pointed out by spectroscopy, that the tertiary-amino-
methyl group is coupled with nitrogen of the indol-skeleton. It is generally proved 
that 3-substituted indols take part in the M A N N I C H condensation with their-NH-
groups. 
According to our experimental observations the ratio of the M A N N I C H base-
formed in the reaction to the side-products largely depends on the order of pour 
ing the reaction-components (diindolylmethane, formaldehyde, etc., sec. amine) 
\ 
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a n d th i s is in c o n n e c t i o n w i t h the r e a c t i o n m e c h a n i s m . Th i s p r o b l e m , s ince t h e r e 
a r e n o d a t a o n t h e m e c h a n i s m of t h i s r e a c t i o n ava i l ab l e in t h e l i t e r a tu re , w a s a l so 
s t u d i e d b y u s in de ta i l . , 
T h e M A N N I C H r e a c t i o n of d i i n d o l y l m e t h a n e in a q u e o u s a l c o h o l , in t h e p re -
sence of p o t a s s i u m h y d r o x i d e t a k e s p l ace r a p i d l y a n d q u a n t i t a t i v e l y yields t h e 
M A N N I C H b a s e . I n ac id ic m e d i a ( p H 4 ) , h o w e v e r , t h e r e a c t i o n d o e s n o t t a k e p l ace 
a t all . F r o m th i s f o l l o w s t h a t t h e p r o c e s s o c c u r s a c c o r d i n g t o t h e m e c h a n i s m of 
Table I 
R Summary form M. w. Mp. Method References Basic Compound Ref. 
H C 8 H 7 N 117,14 52,5 Fluka 
5-C1 Cs HyNCl 152,61 71—72 a [17] p-klóranilin [16] 
6-C1 C 8 H 7 N C 1 152,61 7 8 - 8 0 b [17],[18] 2-nitró-4-klór 
toluol ' — 
4-Br C s H j N B r 197,07 olaj b [20], [21] 2-nitro-6-klór 
toluol [19] 
5-Br C8 H 7 NBr 197.07 9 0 - 9 1 a ;c [23], [28] p-brómanilin [16] 
6-Br C s H - N B r 197,07 94 b [20], [21] 2-nitro-4-bróm 
toluol [19] 
5-J C s H 7 N J 244,06 9 9 - 1 0 0 c [23] indol Fluka 
6-CH3 C9 H10N 132,19 13 ,5-14 b [22] 2-nitro,l,4-di-
metilbenzol [22] 
5-NOi ' C 8 H 7 N 2 0 2 163,16 140-141 c [23] indoí Fluka 
Note : a) Japp-Klingemann method 
b) Reissert method 
c) Jan Thesing method 
pip. = piperidine ; 
mor. = morpholine 
- C -
Ri Ra R3 Compound R , Ra R3 Compound 
H H H -VII. H H 5-Br XIV 
CH3 C H j H VIII. H H 6-Br XV 
H CH 3 H IX. H H 5-J XVI 
H / / - C 3 H 7 H X. H H 6-CH3 XVII 
H H 5-C1 XI. H H 5-NOa XVIII 
H H 6-C1 XII. 
H H 4-Br XIII. 
Fig. 4. 
120 S. FOLDEAK, J. CZOMBOS. B. MATKOVICS AND J. PORSZASZ 
base catalyzed M A N N I C H reaction ( C U M M I N G S [ 2 6 ] ) , instead of that of the car-
benium-immonium ion, described by H E L L M A N [ 2 5 ] . But the question had to be 
decided, whether N-oxymethyl-tertiary amine ,was first formed in the reaction, 
or N,N'-bisoxymethyl-diindolylmethane (VI). It is important, because under the 
conditions of the reaction (alkaline medium) the formation of both compounds 
seemed to be possible. The experiments done proved that N,N'-bisoxymethyl-
diindolylmethane (VI) did not enter into reaction with sec. amine, therefore under 
such conditions M A N N I C H base was not formed. This experiment unequivocally 
proves that N-oxymethyl-tertiary amine is formed first in the reaction and this 
reacts with diindclylmethane. Having all the results the mechanism of the M A N N I C H 
reaction of diindolylmethane can be interpreted as shown in Fig. 5. 
CXf = Of f '— CP" 
CH,-N' 
i ' v f i > 
OH 
OH 
.... ,R i 
HO CHrN' CH, R 
Fig. 5 a 
Fig. 5b 
Hydroxy! ion playing the part of the catalyst detaches proton from the nitrogen 
of indol skeleton and this proton, as a nucleophilic center, enters into a bimolecular 
reaction with N-oxymethy l sec. amine (SN2). In the light of this mechanism of the 
process it becomes clear that the reaction is dependent on the order of mixing the 
ff I 1 ' R 
A/ — CH. CH^-UC 
R' R 
R, R2 R 3 
R \ 
R / 
R : R 2 R3 
R \ 
R / 
H H H pip. XIX - H H 4-Br pip. XXVI 
H H H mor. XX . H H 5-Br pip. XXVJ1 
CHj CH3 H pip- XXI H H 6-Br pip. XXVJ11 
H CH3 H pip. XXII H H 5-J pip. XXIX 
H n- -C3H5 . H pip. x x m H H 6 - C H 3 pip. XXX 
H H 5-CI pip- XXIV H H 5-NO, pip. XXXI 
H H 6-C1 pip. XXV 
F i g . 6. 
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components. Nanely, if first formaldehyde is added to diindolylmethane solution, 
N,N'-bisoximethyi-diindolylmethane is formed with a considerable rate and this 
ipannot give M A N N I C H base with sec. amine. The very rapid occurring of the reaction 
is promoted by choosing the optimum ratio of the solvent mixture (ethanol-water), 
so that M A N N I C H base formed in the equilibrium should separate already during 
the reaction. (Under such conditions 20—30 g diindolylmethane changes quantita-
tively into M A N N I C H base in 10—15 rnin at 70—80 °C.) 
M A N N I C H bases prepared from diindolylmethane derivatives with formaldehyde 
and sec. amine are illustrated in Fig. 6. 
Experimental 
N-oxymethylindol ( I I ) 
2,34 g indol (0,02 mole) was suspended in 15 ml of 40% potassium hydroxide 
solution, 8 ml of 38% formaldehyde (0,1 mole) was added and the suspension 
heated under constant stirring at 40 °C for 1 —2 min, then stirring was continued 
at room temperature till indol completely changed into solution (15—20 min). 
After addition of 15 ml distilled water it was allowed to stand in a refrigerator 
In 10—12 hours N-oxymethyl-indol crystallized, was filtered, washed in distilled 
water until it became free of alkaline and recrystallized from benzene — petrolether. 
M. p. 5 1 - 5 2 ° . 
Yield: 2,2 g (75%). 
Anal.: Calcd. C 9 H 8 O N C 73,42 H 6.13 N10,89 Found. : C 73,35 H 6,50 
N 10,90 
A',N'-bisoximethyl-3,3'-diindolylmethane ( VI) 
2,46 g of VII (0,01 mole) was dissolved in dry ethanol, 5 ml of 1% potassium 
•hydroxide solution was added together with 2 ml of 38% formaldehyde (0,025 mole). 
It was refluxed in a waterbath, allow&l to stand at room temperature. In 2—3 hours 
compound VI separated as needles from the solution. It was filtered and washed 
with ethanol. 
M. p. 152°. 
Yield: 2,80 g (91,5%). 
Anal.: Calcd. C 1 9 H 1 5 0 2 N 2 C 74,49 H 5,99 N9,14 Found: C 74.45 H 5,95 
N8 ,97 
-3-oxymethylindol (VI) 
3,54 g of indol (0,03 mole) was suspended in 10 ml of 40% potassium hydroxide 
solution, added 3,20 ml of 38% formaldehyde (0,04 mole). The suspension was 
heated at 40 °C for 40 min while constant stirring. (Indol, first forming N-oximethyl-
indol, dissolved, later the solution breaks, becomes like an emulsion.) Heating 
for more than 40 min or the appliaction of higher temperatures decreased the yield 
owing to by-reactions). After cooling the emulsion was extracted with ether, the 
«theric solution washed with water, dried over dry sodium sulphate and the solvent 
removed from a 25 °C water-bath at a low pressure! The residual crystalline mass 
was twice recrystallized from benzene. 
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M. p. 9 0 - 9 1 
Yield: 2 g (45%). The substance was identified with 3-oxymethylindol prepared 
from 3-indolaldehyde by hydrogenation. 
Anal.: Calcd.: C 9 H 8 O N C 73,42 H 6,13 N 9,52 Found: C 73,30 H 9,20 N 9,62. 
3,3'-diindolylmethane 
According to [12] it had been prepared from indol with formaldehyde in aqueous 
medium. The yield was almost quantitative. 
M. p. 168—9 °C. Recrystallized from propanol: 
M. p.: 170°. 
I, I -bismorpholynomethyl-3,3'-diindolylmethane ( X X ) 
2,46 g of VII (0,01 mole) was dissolved in 25 ml ethanol by heating and af te r 
complete dissolution 1,74 g of morpholine (0,02 mole) was added together "with 
1,6 ml of 38% formaldehyde (0,02 mole) and 2 drops of 5% potassium hydroxide 
solution. Tt was refluxed for 40min in a water bath then allowed to stand at room 
temperature. After a few hours the crystallized products were filtered, washed 
with ethanol and recrystallized from ethanol-benzene mixture (3:1). 
M: p. 183 
Yield: 3,8 g (84%). 
Anal. : C 2 7 H 3 2 0 2 N 2 Calcd.: C 72,93 H 7.26 N12,61 Found C 72,82 H 7,42 
N12,85. 
\,\'-bispiperidinomethyl-3,3'-diindolylmetluine ( X I X ) [29] 
2,46 g of VII (0,01 mole) and 1,70 g of piperidine (0,02 mole) were dissolved 
in 20 ml of ethanole. 1,60 ml of 38% formaldehyde (0,02 mole) and 0,3 ml of 5%. 
potassium hydroxide solution were added to the solution and copied to 30 °C. 
It was heated for 20 min in a water bath under refluxing, then 5 ml of distilled 
water was added to the solution. After cooling it quickly crystallized, was filtered 
and washed with ethanol. 
M. p.: 140-141 
Yield: 4 ,0g (91%), 
Anal.: Calcd.: C 2 9 H 3 6 N , C 79,05 H 8,23 N12,72 Found.: C 78,99 H 8.36 
N 12,50. 
Methyl-(\,\'-bispiperidinomethyI)-3,3'-diindolylmethane ( X X I I ) 
2,66 g of J X (0,01 mole) prepared according to K A M A L [14] f rom indol with 
acetaldehyde, M. p.: 164-165 °C (1,7 g of piperidine (0,02 mole) and 1,6 ml of 
38% formaldehyde (0,02 mole) were heated in 15 ml ethanol under refluxing for 
35 min. During this time 5 ml of distilled water were added dropwis: to the reaction 
mixture. On standing the product crystallized within 2—3 hours. 
M. p.: 137°. 
Yield: 2,8 g (61,5%). 
Anal.: Calcd.: C 3 0 H , 8 N , C 79,25 H 8,40 N12,32 Found C 78,90 H .8.36 
N 1 2 , 1 0 . 
Table II 
. Compound Summary form M. w. Mp. 
Anal. Caled % Found % Yield 
V /0 
Recr. 
C H • N C H N 
VII C.7H14N2 246,32 170 _ _ _ _ 95 «-propanol 
XI C.THijNZCU 315.21 181 64,78 3,84 8,89 65,03 •i.o; 9,08 88 benzol 
XII C17H12N2CI2 315,21 187-188 64,78 3,84 8,89 65,04 3,98 8,72 85 benzol-hexán 
x i n C17H12N2 Br2 404,13 171-172 50,53 2,99 6,94 51,26 3,31 7,39 85 benzol-hexán 
XIV C1 7H,2N2Br2 404,13 180-181 50,53 2,99 6,94 49,72 2,92 6,60 91 benzol 
XV ' C 1 7 H.2N 2 Br2 404,13 2 1 5 - 16 50,53 2,99 6,94 50,47 2,90 7,24 75 benzol-hexán 
XVI • C17H12N2J2 498,12 167-168 40,95 2,43 5,62 41,30 2,42 5,60 80 benzol-hexán 
XVII C19 H20 N2 276,39 157 82,60 7,29 10,14 82,24 7,42 10,2 92 benzol-c-hexán 
XVIII C, 7 Hl2N„02 336,32 284 60,71 3,60 16,66 60,20 3,45 16,09 96 dioxán 
Table III 
Compound Siimmary form M. w. Mp. 
Anal. Caled % Found % Yield 
/0 C . H N C H N 
XIX C29 H36 N4 440,65 140-141 79,05 8,23 12,72 78,99 8,36 . 12,50 91 
XXIV C29H34N4CI2 509,54 135-136 68,36 6,73 11,00 67,83 6,45 11,14 91 
XXV C29H34N4CI2 509,504 139-140 . 68,36 6,73 11,00 67,75 6,80 10,95 88 
XXVI C29H34N4Br2 598,46 156 58,20 5,73 9,36 57,47 5,81 9,00 80 
XXVII C29H3 4N4Br2 598,46 132 58,20 5,73 9,36 57,75 ' 5,75 9,30 79 
XXVIII C29H34N4Br2 598,46 195-196 58,20 5,73 9,36 . 57,2 5,9.2 9,11 90 
XXIX C29H34N4J2 •692,44 139-140 56,30 4,95 8,09 51,05 5,13 7,87 77 
XXX C31 H^oN-i 468,69 143-144 79,44 8,60 11,96 79,76 8,97 12,15 85 
XXXI C29H34N504 530,64 179-180 65,75 6.22 15,85 . 65,73 6,52 15,72 95 
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Dimethyl- (\,\'-bispiperidinomethyl )-3,3'-diindolylmethane ( XXI) 
2 ,74 g of V I I I ( 0 , 0 1 mole) prepared according to K E L L E R [22] from indol with 
acetone, M. p. 168 °C (1,7 g piperidine (0,02 mole) and 1,6 ml of. 38% formal-
dehyde (0,02 mole) were prepared similarly as in the former experiment ( X X I V ) . 
M. p.: 120,5°. 
Yield: 3,6 g (78%). 
Anal.: Calcd.: C 3 l H 4 ( ) N 2 C 79,40 H 8,60 N11,94 Found: C 78,95 H 8,81 
N 12.18. 
Propyl-(\,\'-bispiperidinomethyl)-3,3'-diindolylmethane (XXIJ1) ° 
2,88 g of X (0,01 mole) (prepared according to KAMAL [14] from indol with 
butyraldehyde, M. p.: 171 °) at the same mole ratio and under similar conditions 
as used at XXIV. It was recrystallized from ethanol-petrolether mixture (2:3). 
M. p.: 1 1 4 - 1 1 5 ° . 
Yield: 3,1 g (64,5%). 
Anal. : Calc.: C 3 2 H 4 2 N 2 C 79,74 H 8,77 N 11,60 Found C 80,10 H 8,43 N 11,35. 
General Description of Preparation of Substituted Diindolylmethane (Compounds 
of Fig. 4): 
0,01 mole of substituted indol (Table 1) was dissolved at 70—80 °C in the 
mixture of 150 ml of water and 40 ml of ethanol under constant stirring. After 
complete dissolving, 1,9 ml of I N sulphuric acid and 0,005 mole of formaldehyde 
solution were added to the reaction mixture. Heating was carried out for about 
6—8 hours in nitrogen atmosphere. During this time the substituted diindolyl-
methane formed separated from the solution. After cooling it was filtered, washed 
with distilled water, dried in nitrogen atmosphere. (All the other data are to be seen 
in Table 2). 
General Description of Preparation of Bis-Mannich Bases 
0,01 mole diindolylmethane derivative (Table 2) was dissolved in 15—25 ml 
of ethanol, then 0,02 mole of piperidine and 0,02 mole of formaldehyde solution 
were added. The reaction mixture was heated for 15 — 25 min under refluxing. 
After a period of standing for 2—8 hours the product crystallized. It was filtered 
and recrystallized from ethanol (see Table 3). 
Of these compounds XIX and XX have strong tranquilizing properties [30] 
Substituting the diindolylmethane skeleton in any position results in decreasing or 
complete ceasing of this effect. • . . • ' • 
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